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NO'IE 


Dr Buchsbaum’s Animals without Backbones introduces the 
English reader to a new kind of book - a sei lous scientific work 
which IS as attiactne and easy to read as any natural history It 
differs fiom most textbooks in its icia'tioii of all detail which 
tends to distract interest and attention fiom mam issues, and in 
the references it makes to animals that matter to human beings. 
It IS also outstanding pictoiially Theie aie photographs of 
.inimals alive and at hcmie, as beautiful technically as the 
ilkisiiatcd weeklies have lauglit us to demand Theie are drawings 
so sine and \ ivid that you Icel the animal moving in its character- 
istic wav And tlieic aic diagiams so bold and giacefui that hard 
lasts about the stiiictiiie oi animals are casiK taken in Thus 
aquaiium and laboiatoiv aie brought togelhei, and you can 
watch a starfish living its sUrfish life on one page, and can study 
Its aikitomy w'lth dissecting instruments and microscope on 
aiiolhei 

ininiiih withoui Backbones is [uibhslicd m (wo volumes m 
the IVlk.in senes l ach volume gives ti complete account of 
the vanoiis gioups ol animals it deals w'lth and so can be read 
bv n^Jf I he two ti'gethei give a compichenave suivcy of the 
invcilebiitlc me.nlieis oi the animal kingdom, and if you want 
to take pleasure in discovering the serious scientific content of 
inveilebiate /oidogv, these are voui books 

M L JOHNSON 


For technical reasons it has been impossible to 
make the division of the photogtaphic plates 
between the two volumes ol Animals wnliont 
Backbones agiec with the division of the text into 
two volumes Plates .VI ot the liiu volume are 
concerned with animals dcsciibcd in the eaily 
shapters of this one 





CIIAPILR IcS 

Two Ways of Life - Clam and Squid 

Tufc most generalized, and tlicrelorc the most loprcsentative, 
molluscs arc the mcmbcis of the class \mpiiinlijra. which 
includes the chitons described in the preceding chapter The 
most specialized molluscs arc the membcis ol the groups to 
which belong the clam and the squid But before going on to 
these w'e shall consider brielly two other classes 

(lASTROPODS 

The class gastropoda includes such common animals as snails 
and slugs, limpets and w'helks and is bv far the largest of the 
classes of molluscs 

Most gastropods show all of the chief molluscan features . 
a protective shell, a mantle, a large fleshy loot, a dorsally placed 
viscera! mass, a radula, and usually one or more gills In the 
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possession of a well-developed head 
with eyes and sensory tentacles they 
are more like our idea of the piimi- 
tive mollusc than is the chiton Bui 
they arc highly modified m the posses- 
sion of a coiled slicll and an asymme- 
trical otgani/aiion ol the visceral 
ma-^s flic asymmctiv results liom 
atiophy ol mi'-si ol the viseeial oigans 
ol one side, leading to the coiling ol 
vis>.cial mass and shell Ihe spmdlv 
coiled shell is a \ci v compact aiiange- 
ment for Ihc dispiopoi tionalelv long 
visceral mass nl gasiiopods II the 
vised a and shell vvcie in the loim ol 
a long sliaight cone, thev would be almcwi unmanageable and a 
serious impediment to locomoliou 

In the chiton the mouth .md anus occur at opposite cuds ol the 
body In most gastropods the amis opens .interiorly and lies 
above the hc.id The advantages ol tins aiiangemeni aic clear 
enough m .m .mimal lhat livcw in <• shell with onlv one opening 
Ol thccxiict mannei m which this has been b' ought about we aie 
less ceitain Hie explanations th.ii h.ive been eivcii aie based 
upon the development ol gasiiopod lalva^ 

The mollusc.in larva stalls out as <i ikociiophori with an 
equatoiial giuile ol cilia As growili sominucw the Kind ol cilia 
becomes expanded otlen into veiv large cihaicd iolx^s which 
serve to propel the Lirva abou' and bung lood to the mouth 
This second I lec-svv miming !ai\a with the expanded ciliated 
/one IS called the vtligir and is pcciihai to nio'luscs It occurs 
in all classes except the one to which belong the squats and 
octopuses While the trochophoic has the laival organs seen in 
marine larv.is of this t\pe the veliger is char<iclcri/ed by the 
development ol adult organs, such as the shell and loot 

The veligcr is at first bilateral and has an .interior mouth, a posterior 
anus, a dorsal shell, and a ventral foot, as in the chitons As develop- 
ment proceeds, the digestive lube is bent downwaid and foivvaid until 
It lies near the mouth This approximation of mouth and .inus occurs 
in some members ol all classes of molluscs except the Amphineura 
But what follows IS peculiar to gastiopods While the head and foot 
remain stationary, the visceral mass is rotated through an angle of 
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180°, so that the anus and the mantle cavity that surrounds it arc 
earned upward and finally come to lie dorsal to the head. In addition^ 
the organs on one side of the body fail to develop , and as a result of 
this unequal growth, the visceral mass and mantle (and the shell 
secreted by the mantle) become spirally coiled 
In most gastropods it is the organs of the original left side that 
dcgeneiate But since the visceral mass is rotated through 180“, the 
adult appears to lack the kidney, the gill, and one of the chambers of 
the heart (atrium) on the right side The nervous system of these gastro- 
pods remains bilateral and uncoiled, but becomes twisted into a figure- 
of-eight when the visceia rotate In some gasttopods there is a reversal 



o1 the rotation ot tne viscCia (see below) and the nerve cords arc un- 
twisted 

Only the more piimiiivc gastropods have a Ireo-sw miming trocho- 
phore Most manne loims pass thiough the troshophorc stage while 
still conlined within the piotective capsule in which ihe eggs are laid, 
and enicigi. as \eligers Some gastiopods pass through even the vcliger 
stage within the capsule aiideiikigc as voung adults In land and fresh- 
w.iiei g.isiio|'>ods, development ol tin. eggs i;, modified, and usually 
there iv no recogm/.ihle \eligei st.ige In some cases the eggs arc not 
laid at all, bul develop within the hods of the patent 

bor .ill Its advantages, a shell is a handicap to active locomo- 
tion And there is a tendency among many groups of gastropods 
toward reduction or even complete loss ol the shell, accompamed 
by an uncoiling and an untwisting of the viscera! mass Thai 
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A sc AiMioi’OD lies buried 
in tlie sdnd with onI\ the 
upper end of the \licll 
protruding into the water 
(Modified after S8r\ ) 


these forms have descended from typical 
gastropods is shown in their larval deve- 
lopment Tlic larvas have a coiled shell 
and undeigo twisting, followed by an 
untwisting and by loss of the shell and un- 
coiling of the viscera As is generally ti Lie 
in animal evolulion, oigans once lost a'e 
not regained, although some substitute 
may be foimed eventually fiom some 
other icgion ol the body Thus, gastro- 
pods descended fioni foims wliieh have 
iindeigone atiophy ol one side of the body 
ha\e only one gill and one kidney (instead 
of a pail ol each), even though, as adults, 
they aic uncoiled, and hd\c levcited to 
an external bilateial svmmelry 
Gastiopods aie most successful in the 
wulei , but many, like the snails and slugs, 
have invaded the land These are called 
the puhnonatt’ gastiopods because they 
have a nuidilicd mantle and mantle cavity 
which acts as a lung’ tor air-bieaimng 
Many pulmoiiatcs have gone into tiesh 
water , but, as has been pointed out beloie, 
oigans once lost do not icappear again, 
.ind, though aquatic, these snails have no 
gills I hey must come to the surface 
periodically to take air into the lung 
Some ficshwatei snails have gills, bui 
these have descended diicctly from maiine 
snails instead of land types 


TOOTH SHELLS 

A SMALL class ot molluscs are the ‘tooth shells oi scapho- 
PODA, in which the shell is shaped like a miniature elephant’s 
tusk, tubulai and open at both ends Theic is a mantle, a poorly- 
developed head bearing a numlx;r ol extensible liiamcnts that 
serve as sense organs and aid in capturing prev, a radula, and a 
muscular burrowing foot The gills arc lost, and the mantle 
serves as the respiratory organ A current of water is main- 
tained in and out ot the upper end of the shell, as the animal lies 
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buried almost completely in the sand 
The larva goes through free-swtmming 
liochophore and veliger stages 

BIVALVES 

The clam, oyster, scallop, and others ol 
the molluscs with two shells arc often 
called ‘bivalves’ (two valves) and com- 
prise the class pelecypoda The name ol 
the group means ‘hatchet foot’ and 
refers to the shape of the toot in man> 
pelecypods. Most members of the group 
are maiine, but some clams arc very 
abundant in fresh waters The dcscnp- 
iion iliat follows applies in gencial to 
almost any of our common tresh-water clams 

The CLAM is Hattcncd from side lo side The two shells or 
valves, which represent right and left sides, are fastened to each 
other dorsally by an elastic homy ligament The gape of the 
shells IS ventral Near one end of the ligament is an elevated 
knoll, the UMBO The end of the animal nearoi the umbo is the 
anicrioi end At the opposite or posterior end are the openings 
through which currents ol water enter and lca\e the clam 

The umbo represents the oldest part ol the .shell As the 
animal grows, the mantle secretes successive lavers of shell, each 
projecting beyond the last one laid dowm This results in a scries 
of concentric lines of growth which mark the external surface 
of the shell and leprcscnl the successive outlines of its ventral 
margin 

The shell consists ol three Ijvers The dark, horny, outer /auv (pens- 
stracum) lorms the ligament and protects the calc,ucous shell irom 
being dissolved by carbonic acid in the water It is thin and is usually 
eroded from the older parts ol the shell, such as tlie umbo The middle 
laitr (prismatic la.vcr) consists laigclv ol crystals ol calcium carbonate 
ai ranged perpendicularly to the suriace of the shell The innermost, 
or pcarh layer (nacreous layer) consists mostly of thin sheets of calcium 
carbonate laid down parallel to the surface of the shell The lirst two 
layeiN aie seucted only by the edge of the mantle, and hence show the 
concentric markings of discontinuous growth The inner, pearly layer 
IS laid down by the whole surface ol the mantle and has a smooth 
lustrous surface 

A pearl may be secreted by the mantle as a protection against some 


homy out«r Uy»r 



_ f'Carly layer 


I he SHFU toniuis ot 
ihree layers 
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foreign body, usually a parasite such as the larval stage of a fluke The 
larva enters the mantle and becomes enclosed in a sac formed by the 
growth of die mantle epithelium, which secretes thin, concentric 
layers of pearly substance around the foreign body 

When undisturbed, the dam lies partly buried in the sand or 
mud with the ligament up and the shells slightly agape vcntrally. 
In this position the animal protrudes its fleshy loot and burrows 
through the mud like an animated ploughshaie Fust, the pointed 
foot is extended loruaid into the mud and anchoted by a turning 
or by a svxclling ol the licc end (due to an intlux ot blood into a 
cavity within the toot) Then, as the muscles of the foot contract, 
they draw the hod\ ol the clam fonxard Such a slowly moving 


ihiii 



forma riON Ol A n ari / <," .1 pai.iMU lulwctn tin, Micll aiicl ih<. nuinik (.I’Ulu 

liuni AZ/i/J/c. Jl IS almOM compiclelv enclosed in .1 s,n lornKd h\ lin cpiilKliiim wiiish 
Sflcretes lliiii, contcnliit laver, oi psarly suli.tiiKi. Hi hi, a ps irl <il yooJ >i/s li.r 
surrouiKicJ ihr p.irasitc ami pimuiKiJ n (tom haiin.iR’ iht ^lim 

animal, with a shell thai is heavy and cumbersome to cany 
about, could haullv run down its prc\ Instc.ul like so man\ 
oihci sedentary animals the clam has evoked a method ol 
draw'ing vvatei through its bod\ and straining out the mitiosiopic 
organisms and other nourishing organic particles contained in 
the water For pioteclion it lelics on its heavy shell and retiring 
habits 

The shells are held agape by the elasticity ol the ligament 
They are closed by the contraction of two laigc mosc i is Near 
these arc smaller muscles winch extend and rctiact the foot , and 
attached to the shell along a line close to, and parallel with, its 
ventral margin is a row ol small muscles which retract the edge 
ol the mantle When the shell is lilted hack (alter cutting the 
muscles). Its innei surlace will show 'scats', which represent the 
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former attachments of all these muscles Also it will be seen thai 
the dorsal maram of the shell has lon^ ridges and it regular tooth- 
like piojections, the iiingi rimi, that ht into giooxcs oi pits 
in the opposite shell This interlocking arrangement lits the two 
valves together 

The visceial mass hcs doisalh most ol it between the two laig'" 
muscles that close the shell The msmi i co\crs the \ isceial mass 




tie lin)i I ,1^ nil exiLiiikd md ihc body !'■ ag iin draiAii lorward 

the lip K ariLliorcil 


and extends xenti.illv as two mantle lobes, one |usi undcineaii 
each shell The space between the maiuL' IoIk-, is the mwtii 
CAV iis At tht posterioi cud the lobes aic thief ened locallv and 
approximated at certain pmuts to lorm the openings loi cnu.ince 
and exit ot waiei These extend out )usl bevond the maigins ol 
the shells, w'hen the shells aie agape A cuircnt of w<itei passes 
into the mantle easily through the seiitnil or uiciincnt openi/ii^ 
and out through the dorsal or cxcuncnt opening 
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On removing one mantle lobe, the mantle cavity and its organs 
are exposed brom the mid-\eniral region of the visceral mass the 
loot exicnds into the mantle cavity and out between the shells 
Between the foot and the mantle lobe, on each side, a pair of 
shcetlike double folds, the (.ills, hang freely into the mantle 
cavity The gills have a sicselikc structure, being perforated by 
microscopic i'orls, and arc cocered with cilia The beating of 
these cilia draws water through the mcuirent opening and into 
the mantle cavitv I’he water passes through the microscopic 



Ibe FPi'DiM. MKUAMSM I'l iilidrv, UxHl pdi iiLlc , Ldunlii on iht, Mirldn ot ilic tills, arc 
tarriea to the mouth ds shown by the .uihil arrtiw\ RoicLted particles aiL removtd from 
gills and palp- is shown b\ doiletl ,irn/w\ 

pores, leaving suspended particles on the surlacc ol the gills 
Within the gills the w-alei Hows up the waiir tlius \criicdl 
channels formed b\ partition'^ that subdoide the cavit\ between 
the inner and outer walls ol a gill 1 he water tubes open dorsally 
into the DORSAL (.ill i*ass\(.rs, whith run one above eaeh 
gill and open posteriorly n(;ar the cxcurreni opening, through 
which the water leaves the clam 

The rate at which water passes through the mantle cavity has been 
measured in certain marine clams and oysters boi an animal ol 
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111 1)1 tllL Kl SI’I' ^ ll nn I Kill N I ^ >)l I 1 O III] [ sll, SMl ll\ ilu. .IfhlWs A 

. Kill has h Lti (.III lu IV U) slivivv iliai ihi vp icc hvlwvcn tlit inner anJ outer 
Kill IS vliviilevl into vi.rlii,.il walLi lulus Thcporisof ihc t'lll arc inicroscopit 
)vvn licrc Kreallv enliri'nl Ilu. uniiri,ir pari cl ilw iltim ha\ Intn rcrmnid 
cried surlate the relatlon^ of the water lubes to the dorsal Kill passages can 
.t intestine appears more than once- in the section hteause it coih back and 
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average size, the minimum rate averages about 2 5 litres (almost 3 
quarts) an hour 

FOOD PARTicLis Icit on the surfaces of the gills by this steady 
tream of vsaicr aic distinguished, mosilv by their small size, 
tiom silt and other undesirable materials duimg then passage 
to the mouth 1 lea\ v particles of sand or mud simpl> drop from 
the surfiice o) the gill to the edge of the mantle, are carried 
backward by cilia on the mantle, and arc expelled posteriorly 



i. lam with nianilc, one pair oi ^.ilK and pari ol looi cut awav lo show (he iiifif-siUT 
sVSTTM and olher ort:aris 


The lighter pat tides become entangled in mucus secreted by the 
gills and arc earned, always by beating ciiia, to the ventral edge 
of the gill and then forwaid until they meet the ciliary tracts on 
the PALPS, a pair of folds on each side of the mouth Turthcr 
sorting occurs here, and the larger particles arc aimed to the 
tips of die palps and then dropped olf into the mantle cavity, 
(rom which they are removed 

Digestible materials arc earned to the deep groove between the 
two palps. This groove leads directly into the moutli, which lies 
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between the two ‘lips’, or iidges, that connect the palps ot one 
side to the palps ol the opposite side There is no radula, nor 
could It be of any use to the animal that feeds only on micro- 
scopic particles The food, entangled in strings of mucus, goes 
into the mouth and through a narrow tube, the oesophagus, 
to a saclike stomach, which is con]jccted by ducts to a large 
DIGLSTIVL GLAND This gland surrounds the stomach and is the 


heart pericardial cavity 



main oigan ol digestion brom the stomach the mtestme runs 
\cntrallC, makes several coils through part of the foot, and then 
runs dorsallv again, passing through the cavity that surrounds 
the heart and appeal mg to pass thiough the heait itself factually, 
the heart is wiappcd aiound the intestine) The anus opens near 
the excuiicnt opening, and the faeces arc carried away in the 
outgoing cut rent 

Digestion in fresh water clams is not well understood, most of what 
we know about lire physiology of digestion in pciccypods is based on 
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studies of certain marine clams As we might expect m animals that eat 
only finely-divided food, the digestion is mostly intracellular Food 
from the stomach enters the digestive gland, tlic cells of whicli readily 
ingest and bieak down solid particles Protein and fat digestion arc 
exclusively intracellular, and the cells of the gland also absorb carbo- 
hydrates The only extracellular enzyme is the carbohydrate-digcsimg 
one, set free in the stomach by tlic dissolution of the crystal [im stvle, 
a gelatinous rod that lies in a pouch off the intestine and projects into 
the stomach The stvlc-pouch is lined witli cilia, the beating of which 



The litacl ganglia corresponJ u> tin doiihk (ml lu^cil ‘brim’ ol nllRt mini ib I'n 
III on caili Mile of the niouih, joined Ln a comniisMiri that run-, around (hi inso[»h igtis 
riiiv M ltd IK r\ei to palps anti nor sin II miisili and nianlli J loin each hiad g inuhon 
a conniiliiL run-. lenlialK U> tin gm^ha uhiili juppis Ihi imisilc- ot tin tool Uin 
lonnittives ulso run Ironi the hiad gmi'lia to ihcMsurii giimlii, whuh sen I nine 
10 the digestive tract, hm t gills posiii lor shell miisclL, and in intk 


lotdlc llic s(\lc and mtne il l.nvaid so lluit ils fiCC end is constanllv 
rubbed aeaiiist a special portion ol the stomacli wall In (his wa\ tfic 
head of the style is worn away and its maiciial mixed with the stomach 
contents 

The CTiu t I A'lORY s\sn m consists ofa hcait and blood \esscls 
The hcait has three chambers iiglit and left tliin-walled atna 
(singular, atrium), which receive the blood, and a single muscular 
vcntiiclc which pumps the blood Tlic heart lies in the pericardial 
cavity, which is lined with an epithelium and filled with lluid. 



Il rcpiesonis a icinnaiit ol 
the. body cavit\ or coelom, 
wliicl'i IS so cxlcnsixc in an- 
nelids (see chap 19) and 
other gioiips The heart 
pumps bltHul both forvvaid 
and backvvaid thiough ail- 
eries Anteriorly, it supplies 
the viscera and loot Pos- 
teih>il). It supplies the 
mantle Many of the ai tenes 
lead, not into line eapil- 
laries, but into irregular channels m the tissues These channels, 
called hlooil uiiii'ilw lack the epithelial lining ol true blood vessels 
brom the sintues the blood llo\\s into veins and then back to the 
heart The blood is colouilcss and contains amoeboid cells 
The I \( RLioRY (»R(j‘\\s he, one on each side, just below the 
pencaidial cavitv 1 ach is like a tube bent back on itself, with 
the tuo pails King parallel and one above the other The lower 
part, or kuliu’\ proper, h.is glandulai walls At Us anterior end it 
connects with the nuid-lillcd pericardial cavity At its posterior 
end it IS continuous with the thin-walled bladder which lies above 
the kidnev and opens antciimly into a doisal gill passage The 
kidne> extracts waste products ol metabolism Irom the blood 
and Irom the perKardial lUiid The wall ol the bladder is ciliated 
and maintains an outgoing ctiirent 
The hotly is muscular and perlorms co-ordinated inovements; 
but the NLRVoLis svsiiM IS reduced, as would be expected in so 
sluggish an animal There is no head, nor w'ould it be ol much 
use to an animal that lives with its anterior end buried in the 
mud Lach of the thiec mam icgions of the body 'head', foot, 
and visccia - has a pan ol ganglia, and Irom the head ganglion 
two long ncives (connectives) run to each ol the other two pairs 
ol ganglia The si nsi oiu.ans are pooilv developed Near the 
foot ganglia is a pair of hollow vesicles, lined with scnsoiy cells 
and containing a limeslone concretion, which arc thought to be 
balancing organs A patch ol yellow epithelial cells (the osphra- 
dium) lies on the visceial ganglia and is thought to be sensitive to 
chemicals m the water that enters the meurrent opening The 
mantle has scattcied sensory cells, which are most abundant 
on the small projections along the edges ol the mantle at the 
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openings foi the water currents They probably icspond to toueh 
and light When a clam is irritated, the foot and mantle 
edges are withdrawn, and the two valves close vcr>' tightly - or, 
as we say, ‘shut up like a clam’ 

The Ri PRODLK TiVE SYSTEM consists of 3 glandular mass, which 
surrounds the coils of the intestine that he in the foot, and opens 
near the external pore of the bladder into a dorsal gill passage 
The sexes are separate The male sheds sperms from the testis 



iiit-c'.i ih oi A mi A n II Cl \M Iht glocludium cl^nip^ ii ituo iht 

tisiues ol Us host and in some wav stimuI.iiLS them to jzrow ari'und it, thus forming the 
so-calitd ‘blackheads' of hsh Alter 1-12 necks of paia iiic lile the soutig clam falb 
oil and becomes independent (Based on I cfciic and C urn. I 

into the outgoing water They enter the Icmale through the 
incurrcnt opening, pass through the pores on the surface ol the 
gills, and reach the interior ol the gills, where the eggs are held 
and lertilization edcctcd The zygotes develop within the gills to 
bivaived larvas called glociiidix (singular, gloetudmm, ‘point ol 
an arrow’) Tremendous numbers of glochidia are produced and 
expelled into the water, where they slowly sink to the bottom, 
but most of them die To develop further, they must, within a few 
days, become attached to the fins or gills of a hsh and live as 
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parasites until they have developed into youiiy clams Then they 
drop from the fish and take up the indepcndeui life of the adult 
clam 

In some fresh-water clams there is no parasitic stage, the 
young develop within the body of the mother Marine pelecypods 
shed eggs or sperms into the water, where fertilization takes 
place There is first a trochophorc and then a veliger larva 
(The glochidia of fresh-water clams correspond to the vchgers 
of marine types ) 


CEPII ALOPODS 

The most highly organized molluscs arc the nautiluses, squids, 
and octopuses - all marine and members of the class crpnALO- 
PODA 'fhc name means ‘head-looted’, for in these animals the 
foot, which is divided up into a number of ‘arms’, is wrapped 
around the head 

As in ga,stropods, all dcgices ol reduction of the shell can be 
tound While the nautiluses have a large, calcareous, external 
coiled shell, the squids have only a thin hornv vestige of a shell 
embedded m the mantle, and the octopuses have no shell at all 
1 he SQUID IS one ol the most highly developed invertebrates 
Some ol Its structuies wall be described heie to illustrate the 
ways in which the squid has adapted the mollusain body plan 
to an acti\e, prcd.ilory hie 

Unlike most l)ilatcral animals, winch arc elongated in an 
anteroposterior direction, the long axis of the squid is dorso- 
venlral To compaic the bodv with that ol a clam, one would 
have to place the squid so that the foot was down and the 
poinicd end up The functional upper surface of a swimming 
squid IS structurally the anterior surface The tunctional under 
sLiiface IS structuially posterior Thus, ,i squid usually swims 
with the ventral surlace forward, the dorsal surface hindmost, 
the anterior suilacc up, and the postcnoi surface down 
The squid relics tor protection not on a heavy shell but 
chidl) on its ability to leave the scene of dinger in a hurry, The 
siiLiL IS vestigial and is rcpre.sented by a leather-shaped horny 
plate buried under the mantle of the anterior surlace The mantle 
is thick and muscular and has taken on the protective 1 unction 
which in other molluscs is scr\cd by the shell It is al.so the 
chief swimming organ At the doisal end, its anteiioi surface 
is extended into a pan of triangular folds or Tins’, which can be 
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undulated to move the animal slov\ly and to change its direction 
of movement Vcntrally the mantle ind^ in a Iree edge, the 
tOLTAK, Mhich suriounds the ‘neck’ hetnecn llie head .ind 
visceral mass I’he collar articulates b> three mtei locking sur- 
faces (ridges which fit into groo\es) with the visceral mass and 



The M(;l I list AN I 1 AN ll.l' Ik(.M IIU)vllll(.a It) IIk \,llkU]^ l'mu|i I lie Sl^csIUe IPitCI 

IS ^llaac(l till. t(H)t IS til'plul .inJ Ills sli III null lUd l'\ iInIiliw hi lek IiiN 

With the lUNNri a cmiical musculai tube that pivyccts be\ond 
the collai on the tinders de ol the head When the nTuitlc is 
relaxed, waiei enteis the iiianlle ca\itv aioiind the edge of the 
collar, and when the mantle conliacts, the edge is lightly scaled 
and watei is lorced out thiough an opening in the rimiitl. When 
(he squid is cxciltd ihe mantle is contiacted slionglv lorcibb 
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expelling d jeL ol vvdlei liom the funnel 
This pushes the animal in the diieetion 
opposite to that in which the jet is expelled. 
When the tip of the funnel is bent back- 
vvaid, the squid darts quickly forwaid to 
seize its prey When the tip ol the funnel is 
diiected fonvard, the animal shoots back- 
ward like a toipedo, and this is its usual 
behaviour in escape When attacked, it 
may emit, fiom a special ink sac v\hich 
opens into the iunncl near the anus, a cloud 
of inky material The Tnk’ is thought to 
scive as a ‘smoke scieeiT; but it has also 
been suggested that it loinis a daik object 
that distiacts the enem\ while the squid 
goes off in anothci diiection 
The Tool’ of the squid is subdivided into 
the funnel and ten suckci -beating arms 
w'hich suriound the mouth When the 
animal is swimming, the arms are pressed 
together and aid in steeling Two of the 
arms arc different trom the lest and can be 
extended foivvard to seize the ptcy with 
their SUCKERS and to diaw it low aids the 
mouth There it is held lirmly by the othei 
arms, w'hile two strong horny jaws in the 
mouth kill the picy, biting out large pieces, 
which aie then swallowed so rapidly that 
the radula (which is quite small in the 
squid) IS probably seldom used 
The active lile of the squid would not be 
possible with the slow type ol rcspiiation 
that serves the clam The conn action and 
expansion ol the mantle provide a steady 
and clTective cii dilation ol watei through 



the mantle cavity, in which he the two uiils 


The ciRCTiLATORV SYSTEM IS also much impioved and provides 


for the rapid distiibulion of oxygen through the tissues. The 


blood flows within vessels, which arc lined throughout with an 


epithelium - not into irregular imlined spaces among the tissues, 
as in the clam The tissues are permeated with networks of very 
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5Qum with mantle slit open along the posterior surface to show the organs 
caviiv Water caters the mantle cavity around the edge ot the collar and If 
the funnel, as shown by the arrows 
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small vessels, the caiml- 
lARir.s, thioiigh the thin 
walls of which gaseous ex- 
changes take place rapidly 
Thei e aic separate pumping 
mechanisms lor blood going 
Ihiough the gills and that 
going out to the tissues '1 he 
deoxygenated blood icturn- 
ing from the tissues enteis 
two g/// hearts, each ol 
which pumps the blood 
through one gill This gives 
the blood a liesh impetus 
so that It passes through the 
gills at highci pies.suic 
Freshly oxygenated blood 
fi om the gills enters a single 
sYsfewic heart, from which 
It IS pumped out again to 
the tissues 

The NFkvous systfm ol 
the squid is very highly de- 
veloped - in sh.up conliasi 
with that of its slow-moving 
I dative, the clam A huge 
brain enciicles the ocsopna- 
giis and lies between the eyes The brain is unusual in that it con- 
sists of several pairs of ganglia all fused together, and therefore 
has several centres of nervous eontiol, which in lower inverte- 
bijtes aic spicad out ovci the animal Iksides olfactory organs 
and a pair of structuics that piobably aid m balancing, the squid 
has two laige ima(,f-pfr( nviNc. ivr.s They aie lemarkably like 
the human eye in construction but are developed in quite a differ- 
ent way When two similai structures having a similar function 
appear in two distantly i elated groups, so that there is no possi- 
bility of a common ancestor which could have possessed such a 
structure, then the structure must have evolved independently 
Thus the eye ot the squid and the eye of man arc said to have 
aiisen by convergent evolution 



hit, an arm of (he siiuul, showins numerous 
suLkers above, a sucker ahossmg the 

mujculnr si.ilk bv which il is utluched Right, 
hilow, sucker showing tin toothed hornv 
line with which it is lined 
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The two groups of animals vvhicli show iho besi dowlopmeni of e\os, 
the vertebrates and the ecphalotiods, also have the rno-^t highly de- 
veloped light-piodui.ing oigans In some lishes and squids these organs 
are amazingly complex, having, besides the photogenic cells which 
produce the light, lens tissue, tellectot cells, and a layer of pigment to 
screen the animal’s tissues from the ligh^ 

The occurrence ol hght-producmg organs in two distantly related 
groups like squids and fish is no mote strange than the conveigcnt 
evolution of the two groups toward the same general type (d eve for 
Bi()LiJMiMs( EN( r, or the production ol light hv living oigamsms, is a 
widesptead phenomenon found in bactciia and fungi and in almost 
every phylum of animals Its distribution among animals seems ([uite 
hit-or-miss, following no special evolutionary lines but acccmipanying 
certain ways of life No luminous fresh-water anini.ds aic known, but 



animal light is extiemcly common in maiiae lorms, paiiiculaily coel- 
entciates and comb jellies The 'burning ol die sea at night is caused 
mostly by luminous protozoa, uliiefly flagellates ( ctmium, 

Gonyaulax) Among luminescent coeleiiteiates we liiul ntanv jelly- 
hshes {Liiiopc), nianv hydioids tO/'c/iu), siplwinophoies, scvphozoi 
{Aurelia, i'\aiiea), and some gorgonians fraciicallv all the common 
ctenophores of the North American coasts piiHiiict liglii ( /'/< mohiaihia. 
Mnennopvs and Cci>ius) Other lummesceni mvcriebuites aic eclo|>iotl 
bryozoans, numerous annelids (polychcies), cvhinodeims (biiule st<irs), 
arthiopods (erustacca, hiellies, glow woinis), bcsidis main molluscs 
(mostly cephalopods) 1 iimmous bacteria and fungi emit a continuous 
light and are lesponsible foi the luminosity ol decaying flesh and rotting 
wood, but most invertebrates shine only when stimulated In flagellates, 
medusas, and comb jellies any disturbance of the watei, as by a passing 
boat, will cause the animals to flash , in the case of tlic hi oily (winch is 
really a beetle) there is a dclimte ihytlim of flashing determined by 
internal stimuli and controlled by the nervous system 
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The N'akie ol Imnines- 
cence 10 living organisms 
IS nol dear in most cases 
It IS (ho'ight that light fiom 
sudi 1 onus as luminous bac- 
teria IS a bv-pi oduct of met- 
abolism and hits no signifi- 
canc'C lor the life ol the 
organism It has been sug- 
gested that the light organs 
or.sqiiidsortishseiveaslaii- 
terns, to adr.ict pic\ oi re 
pel enemies, but it is dilh- 
cult 10 explain why sucli 
annelids as Chaclopteru\, 
which passes its whole lile 
in an opaiiiic tubcq should 
he luminous in the case ol 
ihe fiiefly and ol certain 
marine annelids the light 
does seem to sene as a sig- 
nal to bung Ihe sexes lo- 
geilici lor mating 
Onb two iiiipoi lain steps 
h.i\c been made in out un- 
derstanding of the phssico- 
chemical naiuie id animal 
light l-ongagoiiwasshown 
that luminous wood slope 



iI'lU .1 L.iiiiLi.i Ikc III .L 11 IS built (in the 


inu iniikiplL' ds a (.anicri \vlii(.h (.('ilsists (if a 
iaO ch.imlicr Id v\hn,h Imlit is ciartutlcd only 
liriuiph an opening (pupill in the diaphr.igni 
iris) Mrhind tlii> opvnint; IS u lens vshieh locnscs 
he lipht 111! .1 hght-sensitive film Ireliim) 


glowing when placet! in a coniamei lu'm which the oxxgen is removed 
Lalci It was shown that luminesLcnee in the pelccvpod, Pholas doculii',, 
IS the rcMili ol ihe inicraction o! two substances which wcic extiacted 


liom ihc liiimnoiis tissues of ihc animal li a hot-water extract and also 


a cohl-watci extiact aie pu pared and allowed to stand until the light 
disappciis Irom the cohl-watci extiact, when the two are mixed to- 
gether light Will be produced The hot-w iter exliacl is supposed to 
ctrni.nn a su'tsi.mce. liwh'nri, which is nol desirtwcd by healing, the 
cokl-walei cxii.ici (.oniains an enzyme liicijciu\L, which is destroyed by 
hcMtm ' When ilk extiads are mixed, the lucilerin, in the picscncc of 
Ihe enzxmc, liicileiase, becomes oxidized, with the production of light 
(Lucifciin is at lirsi alsci present in the cold-water extract, but it soon 
[xicomcs oxidi/cd. onl\ hiciferase remains, and (he light disappears. 
Ihcn, when hicilorin is again added, the light reappears until all the 
ucilcrin IS oxidized ) Similar substances have been demonstrated in 
ireflics, ciuslacea, and many other higher inverLcbiales But they have 
tot been shown in the lower inveitcbiates or in bacteria 
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Another example ol conveigence betvxcen squids and verte- 
brates IS the development of intlknal cartilaginous supports 
The squid has a number of internal cartilages which support 
muscles and form interlocking sui laces, but most intcrcUing m 
this connection is the large curtilage which encloses mid protects 
the biain, reminding us of the vertebrate biam case Ihe squid, 
perhaps more than anv other invertebrate, h<is evolved along 
the sqrne lines followed by the fast-moving predatory aquatic 
vertebrates large size, streamline shape, rapid locomotion. 



■ ■■ 

' 'V. 

LUMlNis(tNr vyLJDi are jiiobiK Jccp-bi i Kmiis wliiOi h\<, iti perpci 
ual darknoss. It seems reasoDiilile that the llghi-pruduelrm organ'^ ie:v6 a 
lanterns, but this would be difhculr to prose in.isod on Limn i 


internal skeletal supports, very ellicicru icspiMioiy and cir- 
culatory systems, large brain, and higlily developed sense 
organs 

The giant squids arc responsible loi manv ol llic 'sea-inoiistei stoi lOs 
One ol the authentic cases was a squid ciKountcied by the French 
battleship, Alecton, in the Allantk in I860 flic moiistci was 50 feet 
long, exclusive of the arms, and 20 feet m ciicuinfciciue at its 
largest part Its weight was estimated at 2 tons The lesistance of such 
an animal, even though sick., as this one probably was, can he judged 
from this old account’ ‘The commandant, wishing m the interests of 
science to secure the monster, actually engaged it in battle Numerous 
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shots were aimod at it, bui 
the balls traversed its flac- 
cid andgliitinousmass with- 
out causing It any vital in- 
Uiry . They succeeded at 
last in getting a harpoon to 
bite, and in passing a bow- 
ling hitch round the posteri- 
or pait ol the animal But 
when they attempted to 
hoist It out of the water the 
rope pencil aicd deeply into 
the flesh, and sepal a ted It in- 
to two parts, the head with 
the a I ms and tentacles drop- 
ping into the sea and mak- 
ing oil, while the lins ami 
postcrioi pails werebi ought 
(at hoard they weighed 
about ioii> pounds ’ 

Ih eonipaiing the clam 
and tile squid, wc sec 
that the limdamentai 
body plan of an animal 
mav become so modified 
in adaptation to a special 
w'ay of life that many 
ol Its structuics reflect 



riie (,1AM soiiins nrt the l.iigtit ct all invcriL 
hrates (Afiei an old ctigiavuig from Figuier ) 


the kind of life it leads lathcr than its iclationslup to its mote 
typical 1 datives 
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Segmented Worms - Nereis 

Wf frequently refer to the ‘.)\cr<igc man’ Oi the ‘a\ciagt 
student’ Biologists who have given some thought to the selection 
of .in ‘average animal’ have lound little dilllculty in deciding 
upon some kind of segmented worm as the animal which would 
occupy the middle position on a scale of increasing complexity 
from protozoa to insects or vertebrates In spite of minor 
differences of opinion in choosing a particular form, the final 
vole would go neither to the carthwoim nor to the leech, the 
segmented worms most familiar to everyone, but to some less 
specialized worm, like the nerlis 

The Nereids of Greek mythology were sea iivrnphs, usually 
represented in the female human form. Their invertebrate name- 
sakes are marine worms, probably beautiful only to zoologists, 
but cert.unly gracelul as they swim through the water by gentle 
undulations of the body The common nereis of the New 
England coast grows to a loot or more in length and lives under 
stones or in temporary burrows in the mud or sand bctw'cen 
tidem.irks 

The most noticeable feature ol the ncieis, as of the caithvvonn, 
IS the ringing of the body, which is not meicly external but 
involves nearly all of the internal structures The name of the 
phylum to w'hich the earthworm, the leech, and the nereis belong 
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IS Annd FDA ('ringed') The ringed condition is more often 
known ds segmentation, and each ring is called a sft.mf nt 
Except for the head and the last segment, all the segments of 
the nereis are externally alike They have on each side a pro- 
iccting appendage or parapod (‘side foot’), consisting of 



llattencd fleshy lohes Irom which prolrud.; himdlcs of homy 
BKisTLis In addition to the undulaiioiis ol the whole body, a 
swimming nereis uses its rows ol paiapods as a senes of loco- 
motory paddles The bristles arc sh.ii p and proOably serve a pro- 
tcctixc luiKtion, as well as en ibl.ng the animal to obtain a hold 
on the smooth walls oi its burrow' 

Although well equipped for swimming, the nereis spends most 
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of the time in its barrow in the sand, with only the head oc- 
casionally protruding above the surface Gentle undulatory 
movements of the body create a current through the burrow, 
bringing the worm chemical stimuli from food organisms located 
near by and also constantly renewing the water for respiration 
In feeding, the worm has been seen to cstc.id the anterior part ol 
the body liom the buriow, sci/c its prey with two strong, horny 
jaas (boinc on the end of an evcrsibic phaivmv) and drag it into 
tlic buriow 



The outer covering of the nereis is a hornv but (lexiblc cu riCLt , 
which IS secreted by the underlying ectodermal epithelium, o. 
EPiDLRMis Beneath the epidermis is a layer ol circular muscles, 
then a layer of longitudinal muscles, and finally a thin lining 
layer of mesoderm cells (the coeloniic lining discussed below) 
Together these various layers constitute a definite body wall 
They run the length of the worm and are divided up by the 
segmental partitions More cleaily segmental are the bundles of 
oblique muscles which run in each segment from (he mid-ventral 
line to the parapods, which they move. 

To describe one segment of a nereis is to describe nearly th2 
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uholc worm Onlv the digi stive systi \ i shows much clin’crcntia- 
iion from anterior to posterior ends riic mouth leads into a 
pharynx, on the inner walls of which are the two laige law's al- 
leady mentioned When the pliarvns is tinned m>idc out and 
extended throiiith the mouth, the laws [uasp the lood, which is 
then swallowed ov withdrawing the pharvnx Bciiiiul llv' pharynx 
the digestive tube itanows to an oesophagus, whielt runs through 
several segments and into which open, a pair o( glanduLu 
pouches, the digestive glands Fiom the o.svtphagus long 
straight mtesline runs the length ol the hods to th- anus in the 
most posleiior segment The strucluie oi the dige/nvc system 
piesLitis a deiinite ad- 
vance ovci tne condition 
in the ncinei leans in that 
oulMile of the digestive 
epithelium, hut in the 
wall ol the digestive tube 
Itself, ate thick muscle 
laycis The contractions 
ol the.e muscles produce 
a succession of ihythmic 
waves of constiiction, a 
type of musculai activity 
called PERisTAisis, winch 
push the food along, in- 
Du-eram nt anmiKi showing dcpcildcntly of mOVC- 

ihe coEioM ,md ih lining mcnts of thc wholc body 





(nouOl digestive gland 


Till I'liilsiiM ol Ihc iicri.'> IS spev.i.i!i/<.J iml\ a' llii .iiiitrior end 

DctwLcn the diitcstivc tube .ind the bod> wjII of the nereis is j 
tlcfinitc space, cailed the body cavify or collom, wliieh is lined 
completely by a sheet ol mesoderm cells, the cocl'iutc Iiniiiy ( )ne 
iinporlant advantage of the coelom is that it scp.irates the in- 
testine Irom me bod> wall and thus peimits a freer play of thi 
body-wall muscles As alieady mentioned, this also allows the 
muscles of the digestive lube to push food along indcpcndenllv 
of the movements of the bodv The coelom is filled with a (fiiid 
which contains amoeboid cells and man} dissolved substances 
The coelomtc fluid bathes all tlie inteiiial mgans and thus 
selves a role similar to that of the circulatory svstem even though 
It has no direct connection with that svslcm The coclom also 
plays a role in eseretion and in repioduclion, as vve sh.iP see later 
Behind the oesophagus the coelom is not a continuous space bat 
IS divided up, by the partitums ol coelom, c lining, into a senes 
ol chambers that correspond to the cxtcrn.il segmentation 

The coelom aiises bv the formation (Ta pair ol spaces in the 
embryonic mesoderm of each segment ol the Ivodv These spaces 
enlarge, and are lined bv a thin lavei of mesoderm giving rise 
to a senes o! coelomie sacs The iniic' v\alls ol these sacs en- 
velop the digestive tube, and where thev meet in the mid-linc. 
they form .i double layer of Lt'cionne lining, the iik'scmcry, 
which supports the gut above and below In th(' neicis and in 
many other annchdv, the ventral mesentery (the part below the 
digestive tube) is presenl only in the embryo It disappears m the 
adult, and right and left coelomic spaces are connuciit below the 
digestive tube. 


The pitsciKC of .1 (.ncloni is considoicd ol such iinpoitaiKo dial wc 
olten divide animals into two largo groups, those with a coelom and 






1 he initsliiK ol ihi- ikkis is iidI (.iiuvdkl<.kl iii iii(.'eiKlivnic, as in flaiwornis and iicniLi- 
leaiis hut IS surrounded hv the uoclomis cavitv Most of tin iniddle portion of tlie 
wsirm has hi-cn oinill.d 


Lhosc willioiil il, calctionc'^ which correspond rouchlv vviili what we 
mean when we talk ttf [he ‘htghei’ and ‘lower’ invcriehiaics A space 
between the digestive lube and bod\ wall (.kcliis in main of ihe phyla 
w'c have studied alieady But in such gioups as the roundworins and 
rotifeis Jl has no dclinite intsodeimal lining and theielori caiinol be 
considered a tine ctielom In cctoproci br\o/oa, biachiopods. at tow 
worms, phoiomdca, and molluscs ihe bt>d\ cavity is a coelom In mol- 
luscs u IS reduced, for the most pait. to the cavity surrounding the 
heaiL 

I he gencial tvpe ol bodv siructuie seen in the ncieis - w'lth a muscu- 
lar body wall separated Irom a muscular digestive tract by a space 
lined with nnsoderm - (kcliis in all veilebiatcs In m.m the soelom is 
divided into an abdominal oavilv, a cavitv suriotmdmg Ihe heart, and 
ivvo cavities which contain the lungs The coelomic linini' ol animals 
Is also calletl the ‘pciiioneum’, and when it Ixicomes infected ni man, 
iis (lom a iLiptuied .tp[icndi\. the seiious condition that results is 
known as ‘pci iiwiniis’ 


median dcrial vessel 



1 tie ni.im MoMi NtAi luooi) vi ^ ,i i s ol tin. ntrus u 
hlnod IS acr.iinl, aiul those, to tin. luts auiil wall, i 
disirioultd to o'her tissues 


L to the p.ir ipoJs, wliLPt the 
looU ciiie.s till., blood to be 
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segmental All scgnients .irt 
alike, except at the unteiuir cml 


The ( IR( ULMOR’i SYSTEM ol 
the neicis does a much better 
job than the ciude apparatus 
which we saw in nemerteans 
The main \cssels are a median 
dorsal vessel, which runs above 
the digestive system, and a 
median ventral vessel, which 
runs just Ircneath the digestive 
system These two longitudinal 
vessels arc connected with each 
othci through the tiansverse 
segmental vessels which they 
give oll'in each segment Dorsal 
and ventral branches of the 
segmental vessels go to the in- 
testine, p<irapods, and J^odv 
wall and thcie biaiich and ic- 
bianch icpcatcdlv. tinaily join- 
ing each othci by wav ol an 
intiicale nctwoik of veiy tine 
vessels, the (apillauies The 
walls ol the capillaries aie 
composed of only a single 
layer of flattened epithelial cells 
and are similai in stiucture to 
the capillaries of man Their 
thin walls iseimit a lapid ex- 
change of dissolved food sub- 
stances, nitiogeiious wastes, 
and lespiiatoiy gases Then ex- 
tensive ramification ensures 
that substances are dcliveicd 
almost ‘at the dooi’ ofeveiy 
cell and do not have to move 
long distances by the slow 
process of difTusion 


Lxtensivc hianching does not ol itsell make a good circulatory 
system, for, as the name of the system implies, the blood must be 
in con^tant circulation In the nemerteans this is accomplished 
by an indiicct and mcthcient method Waves of muscular 
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contraction passing down 
the body press on the mesen- 
chyme layer, which in turn 
pushes against the walls of 
the blood vessels, forcing 
the blood along. In the 
nereis the median dorsal 
vessel and the lateral bran- 
ches have muscular walls 
and are themselves con- 
tractile Rhythmic wa\cs of 
muscular contraction, ol a 
peristaltic nature like those 
of the intestine, run forward 
along the dorsal vessel fiom 
behind, driving the blood 
anterioily Tlie blood Hows 
posteiiorly in the non- 
contiactilc ventral vessel 

Besides a good circula- 
loi\ svsLcm to distribute the 
o\\gen alter it has entered 
the blood, large and active animals icqiiiie an extensive respira- 
lORY suRiACE wliich IS ficcly cxposed to oxygen, eitlier of the 
air or dissolved in water In the nereis the amount of body 
surface exposed to the envnonment is enormously increased by 
the thin, flattened paiapods, witlim each ol which is an extensive 
netwoik of capillaiies The capillary beds of the parapods and of 
the dorsal and ventral body walls he vciy close to the surface 
and, as the blood passes through them, it icceivcs oxygen from 
the suiiounding water and gives up caibon dioxide collected 
from the tissues The oxygcn-cairying capacity of the blood is 
increased by the piesence of haemoglobin, which is dissolved in 
the lluid instead of being contained within cells, as in some 
nemerteans and in vcitebiates 

The LXiREiokv sssriM is segmcntallv arranged A pair of 
excretory organs lies on the floor of nearly every segment Each 
organ consists essentially of a tube which opens at one end by a 
ciliated funnel into the coelom and at the othci end by a pore to 
the exterior Wastes extracted from the blood which passes 
through the excretory organ and also from the coelomic fluid, 



The LM Oh iiiL MKiis IS iJsanLcd over iluu 
of a planana In addition to the layer of 
pigmented light- sensitive cells (retina) there 
IS a gdatinouis lens which concentrates the 
light upon the spctialized rodlike ends of the 
sensoiv cells The other ends of the cells 
are continued as nerve librcs which run in 
the optiL nerve to the brain (Based partly 
on Kukcnihal ) 
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With which ihc org.iii coinmunicTlcs through its internal open 
lunnel, arc swept to the exteiior by mean> of cilia lining the 
c wretorv tube 

the excretory organs of annelids arc called nlphridia (singular, 
I'ephridnini) In the ncieis the excretory tube is coiled through most of 
Its length, and the coils arc compacted vsithin a granular oval mass 
1 he external poic lies at the base of the parapod The internal end runs 
loiwarti, passes thiough the cocloinic paitiiion, and opens into the 
coclomic chamber just anterior to that in which he the mam body of the 
organ and the external poie Micioseopic particles in the coelomic 
fluid are wafted into the opening of the funnel by beating ol the cilia 
around its edge 

The concentration ol neivc cells into a (rNTiui nprvous 
SY.V1IM with a brain and n^i\c curds inaikcd the adsaiKc ol 
the natworiii net sous ssstem over that ol cocicntcratcs In the 
nereis this tendency towaid ccntrah/ation is earned still larther 
'I he head bears two pans o! eyes and several pairs of pi elections, 
which aie sensitive to touch and tood and olhci chemicals in 
the water With so niunv sense organs at the lic<ul end, there is an 
increase in the size ol the brain But the brain is only the lirst and 
the largest ol a senes ol compact masse >ol ncr\ cecils, orwANcmix, 
which occur in each segment ol the body The head ganglion or 
brain lies ahoxe the pharvnx and connects, bv a ring ol ncrunis 
tissue, with anothci large ganglion lying below the phaiynx 
f'rom this lirst ventral ganglion the neivc cord itiih posteriorly, 
and m each segment enlarges into a segmental ganelion which 
g'ves ofl' nerves to the muscles of the body wall and parapods 
l.ach segmental ganglion is like the governor ofa state . while the 
brain, which icceives and co-ordinates the vaiious impulses 
coming from cci lam of the sense organs on the licad is like the 
chief executive ol a nation 

The primiiivc buiin, as we saw it in the pLinana, served chicflv as a 
sonsoiy rekiv - a centre lor icceiving stimuli from the sense (ugatis 
and then sending im|vjlscs down the nerve eoid This is also tuu ol llie 
nereis, lor, il the brain is removed, the animal c.in still move in a co- 
ordinated way - and, in fact, it moves about more than usual 11 it 
meets some obstacle, it docs not withdraw and go olT in a new direeiion 
but persists m Us unsuccessful forward movements Tins veiy un- 
adaptive kind of behaviour shows that in the notmal neicis ih: brain 
has an impoilanl function which it did not have in ll.itvvorms - that ol 
uiluhition of movement in response to certain stimuli 
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The Ri PROuuciJVL s'isom is 
vciy simple. Sex cells die budded 
off liom the coelomic lining in 
most of the segments Sexual 
maturity generally occurs at scane 
definite season of the yeai, and at 
this tunc the worms leave then 
but lows and swim neai the sui- 
face The males are alli acted to 
the females, and as the lemalcs 
burst and shed their eggs in the sea X 

wdtci, the males uischaiuc then — 

sperms Allci the sex cells aie '' ' " ^ 

shed, the worms die 
The feitih/ed egg ol the neieis 
develops into a ciliated larva 
called a riux horiiori This laiva 
is o! consideiabic theoielical inn 
portanse because the same tvpc 
occurs in seveial phyla 1 evv am- 
maK seim fiilhei apait in adult 
stiuclme than a segm.iiled vu>im 

and a snail 'i el ilier cailv slaves oi development aie almost 
ideniicaf lcH Ioi lcII and Iir Uovhopho.LS lhal icsiilt <iie 
similai 111 manv lesp.as Uevoul the (oui'-tphoic stage, ho.v- 
evei, maifed dillcienLes begin u- .ippea.i, <mu m. adults aie veiy 
anhke fhe close iclaliou.Iup thoughi loc\,,i bJvvecn du>etvvo 
phvia uo lid n have been suspect. d except loi Ihc sinviarilics 
ol their iiosiiop ^ lies 



An aiinJid trih iiopiidri 
( XIUi \Vollcri.ck ) 


I in. u 'll Ilka's ill lliL Liiibi vnlogie il lew.pbi iiills that link ihe 
ann'jlids ,ukI iik'IIu ls u, the (uu’in of ihe nv.sodciin in (ho iwogioups 
1 Ik Kill staves ol de\Llopineiu ol certain ernhivoN have Ivecn followed 
so elosei'. 111 1! I ash i.ell has been niimbeied and mapped As a lesiili ol 
ihis exuein.b [Xiiiisi ikiiT; kind ol work ii is possibL to liace the 'cell 
Iincive ol an\ noilionol iheeaiK embisv) dheadnli inesodsim conv'' 
Irom a single lsI! (tlu 4d ilII), wnish aiises in ins same wav in hold 
annslKls and ntolIn-Ls I Ins sell div ides into a pan, the pnnniiw //jesn- 
thrni <il!' (shown Ivin.r aisinia the w.ill ol ilm i iieOniL a. id ne u the 
opsnmL’ m1 i:k‘ laiv il l.idiiK in ihedinnam ol ihi no J’ojvhorei TIksc 
give I IS., m iv.i' b in Is oi iik so K, in, vvIulIi iinallv b.^viniL hollowed out 
10 h rnn the co'-i an ol I'te atli 11 



238 


ANIMAfS WITHOUT nAOKBONES 


When tlic young nea'is 
hatches from the egg 
membrane, it has already 
passed the tioehophoie 
stage and has three seg- 
ments with bristles The 
‘typical tiochophore’ 
usually described is pres- 
ent m only a lew anne- 
lids, but It IS thought to 
represent the more pri- 
mitive condition Its 
most chat acteristic struc- 
tuic IS a ciliated band 
about the equator, which 

pnn.il.vp mcioJerm all jj|j SCrVCS dS tllC CillCl OrgaiT 

In' ot locomolion and <ilso 

stnioNiJiHoiH.ii Aiw’K M iFucno diiects a lood-bcaiing 

piioiu (Modilii-d atici Slieaier ) , , 

cm tent towards the 
mouth, whith lies just below At the tippet pole is a group ot 
sensory cells from which arises a tufi ot cilia Some tro^ho- 
pliores have a tuft of cilia ai the lower polo also Inicrnallv the 
larva has a complete digestive trad with oesophagus, laige bul- 
bous stomach, .md a short intestine that oivns throtigii an anus 
at the lower pole The larval cxcrctoiy organ contains a tkmc 
cell and an excietoiy tube which opens ncai the anus 
The development ol the annelid trochophoie into the adult 
worm begins with the dentation ol the lower region the 
trochophore The cloivaied region liccomes coiistiisied into 
segments which soon d.'vcioji tiiistljs The cl.ated beaids dis- 
appear, and the uppei pan oi (lie tiodioplioie hceomes the 
head The young worm then settle, to lire bottom, takes up a 
burrowing lile, and continues to giow throughout hie bv the 
addition ol new segments m a region )usi m trout ol the last 
segment 

Various hypotheses have been devised locxt'laiii the origin ol segmen- 
tation, but there is not enough evidence to be able to decide among 
them One states that, primitively, all of the organ s\ stems had repeated 
pui ts which were spread out over the entire body The development ot 
crosswise partitions, however they arose, divided the body into seg- 
mcnis, each segment receiving representatives of each system One 
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basis for this hypothesis is the fact that in the planaru and many other 
animals, sUucturcs such as the testes, yolk glands, and the cross-con- 
nections between the two nerve cords are repeated along the body, and 
all that is needed is the development of partitions to produce a seg- 
mented condition Further, m the cmbryological development of the 
nereis and other segmented forms, the partitions appear after the basic 
segmentation is already laid down 

Another hypothesis assumes that e^ich segment represents a sub- 
individual which was produced by asexual budding, as m the planana, 
and which failed to detach In the development of such a tlatworm as 



Vficnnumuiniiscc p 151, Vol 1 ). chains ol a'^ many as sixteen sub- 
individuals torm belore any bicak awav A segmented animal, according 
10 this view, IS a chain ol compleielv co-ordinated subindividuals This 
liypolhcsis sulfers the disadvantage that in a developing annelid the 
>cgmcnts do not arise in this wav 

Scgmeniation m one phvlum of animals is not necessarily the same 
as in another lloncc, we cannot expect to devise one explanation for 
all the events ol segmentation, and we cannot point to the common 
ancestor ol all segmented animals, because segmentation probably 
arose independently in more than one line ol evolution 


Slomi ntation seems to have the same general advantages as 
the di\ idmg-up of the animal body into cells, namely, there is the 
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possibility lor the different segnunis to speciah/e in diffeieni 
lunctions In the nereis the segments are pidLtically a/I alike, and 
(his IS the prirnitoe condition In other segmcnied animals there 
ire vaiying degrees o( speeiali/aiion, some ol which tire scry 
extreme 
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Earthworms and other Annelids 

Till carlhuorm cau<;ht hy the early bud is no early \sorm but 
one that stayed out too late, for earthworms are noeturnal 
animals, emerging only at night and retreating undei ground in 
the mtMning I \en at night they usually do not leave their 
burrows but ptotrude the anterior part of the body in search of 
the seeds, leases, ami othei parts ol plants on which they feed 
while the posteiioi end mamlains a lirm hold on the burrow 
These retiiing habits base probably contributed to the marked 
success of an animal that is quite helpless above ground Since 
earthworms arc adapted to living on so abundant and widely 
distnbutul a lood as the dccavmg oigame matter o( the soil, it is 
not SLiipiiMiu- that liiev oeeui m countless numbeis in moist 
soils all over the world Lver since Darwin made their activities 
the object of a carctui study and concluded that ‘it may be 
doubted il there aic anv other animals which have played such 
an important pait m the history ot the world as these lowly 
org;mi/ed ercaluies’, it has been recognized that the work of 
carlhwoims is ol tremendous agneullural importance 
1 artliwoims spettd most o( their tune swallowing earth below 
the surface tmd depositing it on the surface around the mouths 
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of thcir burrows in the form ol the ‘castings’ familiar to every- 
one In loose soil the burrow may be excavated simply by pushing 
the earth away on all sides, but in compact ground the soil must 
actually be swallowed In moist and rainy weather the worms 
live n:ar the surface, often doubled up on themselves so that 
either mouth or anus can be protruded But in cold weather they 
plug the opening of the burrow and retreat into its deepest part, 
which usually ends m a chamber where one or several worms, 
rolled up together into a ball, pass the winter In very hot weather, 
also, they live far from the surface, thus avoiding drying 

The sw'allowing of earth is not alone a means of digging bur- 
rows The soil passed through the digestive tract contains organic 
materials of various kinds seeds, decaying plants, the eggs or 
larvas ol animals, and the live oi dead bodies ol small animals 
These are digested, while the mam bulk of the soil passes through 
When leaves are abundant on the surf.ice the worms drag them 
into the burrows, and few castings are thrown up VV'hcn lew 
leaves are taken in as food, the amount ol'castings increases 

The liJecti ol the mttm on the soil aic manv The cartli of the tastings is 
exposed to the air, and the buriows themselves poimit the penciiaiion 
of air into the soil, improve drainage, and make easier the downward 
growth ol loots The thorough grinding ol the soil in iht gi//artl of the 
wonn and tiie sifting out of all stones bigger than those that can be 
swallowed is the most ctlcclive kind of soil ‘cullivaiioiT The leaves 
pulled into the ground hv e.trlhworms arc only parii dlv digested, and 
their remains arc thoroughly mixed with the casiings, adding organic 
matter The excretory wastes and other secretions of the womis also 
add organic material, enriching the soil foi fuiiiic plant giovvth In this 
way earthworms have helped to produce the fertile humus that covers 
the land everywhere except in dry and certain other unfavourable 
regions 

The quanuty of earth brought up from below and dcposiicd on the 
surface has been estimated to be as high as 18 ions pci acio per year, or, 
if spread out uniformly, about 2 inches in 10 years Seeds arc covcied 
and so enabled to germinate, and stones and other objects on the sur- 
face become buried In this w'ay ancient buildings have been covered 
and so preserved, much to the advantage of aichaeologisis 

Externally the earthworm differs from the nereis in its adapta- 
lions to a subterranean life. As in other burrowing animals, the 
body IS streamlined and has no prominent sense organs on the 
head or any projecting appendages on the body which would 
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interfere with easy passage through the soil. On each segment are 
four pairs of bristles, or seta'i, which protrude from four small 
sacs in the body v\all and are extended or retracted by special 
muscles. The bristles are used to anchor the worm lirmly in its 
burrow, as can be readily discovered by trying to pull one out 
But their mam 1 unction is locomotion The worm woiks its wav 
along by extending the anterior part of the body, taking hold by 
means ol the bristles, and by expansion of the body, then re- 
tracting the bristles of the posterior region and drawing up the 
posterior part of the body 

The lack ol prominent sense organs on the head docs not 
mean that the earthworm is insenntive to stimuli, but only that 
there is no concentmtion ol sensory cells into higiily specialized 
organs at the anierioi end As in the nereis, cells sensitive to 
light, touch, and chemicals occur among the epithelial cells of the 
cpideimis 

Inc ahsc n. ol dclii'ik c\es, in an .inimal liclnnginL; to a plniuni in 
whiJi \\Lll-dc\clopuI LACS aic common, n. noi unusual Almost all 
animal' iliat li\o m Lomnlele tiaikncss have degenerate eves or no eves 
at all,c\ implcs aie hLiiiovving loims like tlic eaiiliworm oi mole, cave 
animals like certain lish and ciavlish, and noctuinal foims like many 
tKclles 

Tiu ih'lii-Si. 1 1 //'. ol llie eailhwoim arc .tbsent Irom the ventral 
siiilaLC and aie mos' .ihiii.dant al the anterior and posterior ends, the 
legions most licuucniK exposed to the light Thought to be orgams of 
touch, probabh because they olcui all over the body, arc groups ot 
lioni ihiitv-livc to loiiv-live cells, each with ,i haiilikc process which 
piojccls thioiigh ihc cuticle covering the suifacc Perhaps they <ire also 
sensitive to chemicals and changes in temperature, stimuli to which 
earthworms respond Taste cells piobablv occur in the mouth and 
pharynx, sime the worms seem to show dclinite food ‘prelerences’ - 
neglecting cabbage if celery is also ollcred, and passing up celery if 
cariot leaves aie available The sense of , smell is very feeble, and the 
woims are unrosponavc lo sou/hl, which requires .1 complicated re- 
ceiving apparatus not lound in lower animals Moie irnporiant for a 
subterranean animal is the ability lo detect vihratiom transmitted 
through solid ob|c'cis To these, caithworms arc extremely responsive 
It IS said iliai one way to collect eaithwoims is to drive a stake into the 
ground and then move it backwards and forwards, setting up vibrations 
in tire ground which cause the worms to emerge Irom their burrows 

flic ( iMRAL NLRVous SYSTEM IS csscntiully llic saiiic as that 
of the nereis A brain (suprapharyngeal ganglion) lying above the 
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ph<,ir>'n\ coiiiiccis by tv\o nerves with a large ganglion (siib- 
pharvngcal ganglion) lying below the phaiyiu These two ganglia 
send nerves lo the sensitive anterior segments and are considered 
to be the 'higher centics’ The brain is supposed to direct the 
movements in response to sensations of light and touch which it 
receives , but if it is removed, the behav lour of the v\ orm is alfected 
little After removal of the lower g.inglion the worms no longer 
eat. and they cannot burrow in normal lashion From this first 
'cntral ganglion the double nerve cord runs to the posterior end 
of the bod\, enlarging m each segment to a double segmental 
ganglion Irorn which neivcs go to all paits of the segment Fach 
ganglion serves as a conlic which receives impulses coming from 



\nicrior cud of the cai ilu.i>rii> shuvcirm ili. sii s-i mi \i Ili_ Ji c ii\c icin 

dr.iwn ds it transparent 


sensory cells m the skin and sends impulsc% that result m con- 
traction ol the rnuscics 

I he ganglia co-oidinaie ihe impulses so that the longiiadin.il nuisclev 
relav while the cue Lilai nuisi.les contiact, or the oppoaie Without this 
arrangement the two sets of muscles might oiilv counteracl each 
othci s activities, .irul no movement would result The smooth muscular 
waves which pass down the hodv in the ouiin.iiv creeping movements 
of the earthworm arc not contiolled by the laige ganglia at the anterior 
end, for almost any sizable piece ol an caiihwoim will creep along as 
well as a whole worm 'Ihe co-ordinaiion is thought lo be achieved 
through impulses rcLpcd liom one segment lo anothci by neivc cells 
in the cold which run hum one ganglion lo llie next Since Iheie is 
a certain amount of delay involved in the transfer from ganglion 
lo ganglion in this chatii-hke succession of connecting fibies, these 
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impulses travel very slowly Ifmcasurcclas 
the speed of travel ot the waves of thin- 
ning or thickening in the bod\ of a 
moving woim, the rale is only about 1 
inch pel second Besides the ordinary 
creeping movements eaithwonns can 
suddenly contract the whole body in 
response to strong stimulation of any 
region If the anteiior end is extended 
Irom the btiriow and receives some un- 
lavourable kind ol stimulus, the longi- 
tudinal muscles contract as a whole, and 
the worm disappears into its burrow al- 
most instantlv Such a lesponsc requires 
vcr_\ lapid ncTNOus iiansmission, and vve 
do find certain ‘giant fibres' in Iheceniial 
nei VC coi d whiJi pass over long disl.inccv 
Ol even ihioughoul the length ol the 
cold The speed ol transmission in these 
eiani tibres has been estimated at 1 
\ards per second The sliced is about Liu 
same in the ciant libies ol llu neiois 
but may be almost 10 vauK |)ei second 
in some of its lelatices fhese figuics 
seem veiy low when compared with the 
rate ol nervous conduction in the moioi 
ncives of man, in which impulses travel 
It about 100 vards pei second 

The DiGLsiivL s'lSiLM IS dilleienti- 
ated into a number ol icgions, each 
with a special function Food enteis 
the mouth, is sw'tillowed by the action 
of the muscLilai phaiynx, and then 
passes thiough the nariow oesopha- 
gus, which has on each side three 
swellings, the ( 'XLC ii i kol's (.lands 
These glands excrete calcium cai bon- 
ate into the oesophagus and in this 



way dispose of the excess calcium obtained lioni the various 


salts piesent in the food The oesophagus leads into a large, thin- 


walled sac, the crop, which apparently selves only for storage. 


since the food undergoes no important change and does not 


remain there very long. Behind the crop is another sac, the 
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GIZZARD, With heavy muscular walls which (aided by mineral 
particles and veiy small stones swallowed by the worm) grind 
the food thoroughly F rom the gizzard the food passes through 
the intestine, w'hich continues practically uniformly to the 
anus In the intestine the food is digested by juices from gland 
cells of the lining epithelium The roof of the intestine dips 
downwaid as a ridge oi fold (the typhlosole), which increases 
the digestive surface that comes in contact with the intestinal 
contents I he digested food is absorbed into the blood vessels 
of the intestinal wall, and from there distributed to the rest of 
(he body 

The CIRCULATORY SYSTEM IS vcrv Similar to that of the nereis 



Anterioi end ot .in e.ii lliworm shovuni; tin. priiiLiiidl I'KuhI vtsstO 1 ivi pjir'. ol 
hearts surround the oLSopli igu^. 


A median contractile dorsal vessel, which lies on the digestive 
tube and accompanies it trom one end of the bods to the other, 
IS the mam collecting vessel In it the blood Hows torward, pro 
pelled by rhythmic peristaltic w'aves A median non-contractile 
vential vessel, suspended Irom the digestive tube by the \eiitral 
mesentery, is the mam distiibutmg vessel In it the blood Hows 
backward and out into blanches which supply the various organs 
In almost every segment blood flows from the ventral to the 
dorsal vessel through capillary beds of the body wall, digestive 
.tract, and nephridia In the region of the oesophagus the dorsal 
and ventral vessels are connected directly through hve pairs 
of enlarged muscular transverse vessels, the hearts, which 
pump the blood through the ventral vessel Valves in the dorsal 
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vessel and hearts prevent 
the blood from backing 
during 11 regular contrac- 
tions 

Branches oi the transverse 
segmental vessels supply 
blood to the capillary beds 
of the nephridia and body 
yvall This blood is then 
returned to the dorsal 
vessel In segments 7-11 
this IS revel sed, the blood 
lloyvs doyvnyvard directly 
from the dorsal to the vent- 
ral vessel thiough the 
hearts In front ot the 
hearts the blood in the 
ventral vessel flows for- 
ward to the head, behind 
the hearts it flows backwaid and oiii into the transveisc branches The 
ventuil vessel also sends scgmcnially lepeated blanches lo the wall of 
the digestive tube, where the blood becomes loaded with absorbed 
food iTom the intestinal uall the blood leturns through paired seg- 
mental vessels to the dorsal vessel Besides draining the body wall and 
nephiidia, the transverse vessels cariv Ihood diiectly Irom the sub- 
ncural vessel to the dorsal vessel The subneuial vessel runs below the 
nerve cord and supplies it with blood Two latcial neural vessels (not 
shown in the diagram) i un one on each side of the nerve coid and send 
branches to the segmental nerves 

Earthworms are terrestrial animals, but they have not really 
solved the problems of land lilc, they have meiely evaded them 
by restricting their activities to a bun owing lilc in damp soil, by 
emerging only at night, when the evapoiating power ol the air is 
low, and by retreating deep underground duiiiig hot, diy weather 
Animals well adapted lor land litc have a heavy impermeable 
skin which prevents excessive drying, but it also prevents respira- 
tory exchange through the skin In such animals oxygen reaches 
the internal tissues by means ot special respiratory' devices, such 
as lungs Earthworms, on the other hand, breathe m the same 
way as their aquatic ancestors That is why they can live for 
months completely submerged in water, yet will die if dried for a 
time. The outermost layers of the earthworm are thin and must 
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be kept moist so that respiratory exchange can occur by dif- 
fusion through the general body surface, which is underlain by 
capillary networks Moistening of the surface is accomplished 
by mucous glands which occur in the epidermis and also by the 
coelomic fluid which issues from dorsal pores located in the mid- 
dorsal line in the grooves between segments 
The EXCRLioRY SYSTEM IS like that of the nereis, with a pair of 



CROSS-SI ( iKiN OF THF FARiHWOKM Only two of the four puirs of l)ristlL'> ure shown 

excretory organs, or nephndia, in every segment (except the first 
three and the last) Each ncphridium really occupies two seg- 
ments, because it opens externally by a pore on the \entra surface 
and internally by a ciliated funnel which lies in the coelom of the 
segment anterior to the one containing the body of the ncphri- 
dium and its externa’ pore The passage of fluid is caused not so 
much by the ciha lining the nephndial tube as by waves of con- 
traction of the muscles in the wall of' that portion of the nephri- 
dium which leads to the external pore. 
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The nephridia are not the only means of excretion in the earth- 
worm The coelomic lining surrounding the intestine and the 
main blood vessels is modified into special chloraohn cells 
Wastes extracted from the blood accumulate in the chloragen 
cells, which finally become detached and float in the coelomic 
fluid Some of the chloragen detritus is removed by the nephridia 
Some of it IS engulfed by the amoeboid cells of the fluid, which 
finally wander into the tissues and disintegrate, leaving their 
wastes as a deposit of pigment in the body wall 

The pigment which thus accumulates in the body wall probably serves 
to shield the underlying tissues from the light, particularly the ultra- 
violci, which IS very haimful to earthworms One hour’s exposure to 
siiong sunlight causes complete paralysis in some worms, and several 
hours' exposure is fatal This is thought to explain the death of many 
ol the earthworms seen Iving in shallow puddles after ram They 
have not been drowned by the watci, as many people suppose, for 
the\ tan live completely suhmeiged m water However, during lain 
the water that fills their burrows has filtered dowm through the soil 
and therefore contains very little oxygen This forces some of the 
worms u) come to the surf.icc, where they are injuied by the light and 
after a time wn scarcely ciawl They probably remain in the ram 
puddles because of the protection afforded by the layer of water 
Kfany of the dead worms seen after ram were no doubt ili before- 
hand, perhaps iis the result of heavy infestation with parasites, their 
death has onlv been hastened by the ram 

The organ systems of the earthworm described up to this 
point have shown little or no incrca.se in di\ ision ol labour among 
segments oxer the condition in the nereis The nephridia are 
identical in all segments in which they occur,' and the central 
nervous system is practically the same as that of the nereis The 
circulatory and digestive systems of the eaithw'orm show some 
increase in special i /at ion Certain of the transverse vessels arc 
enlarged and modiiicd as hearts, and there arc (in addition to 
the phary nx, oesophagus, and intestine, also present in the nereis) 
two separate regions the crop lor storage, and the gizzard for 
mechanical breakdown of food However, the greatest specializa- 
tion among earthworm segments is found in the reproductive 
system 

The complexity ol the ui productive system is an adaptation 
to land life, where the naked sex cells cannot simply be dis- 
charged to the cxtciior, as in the aquatic annelids, but must in 
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some way be protected from drying and other adverse conditions 
during the development of the voung Earthworms, unlike the 
nereis, are hermaphroditic, each individual having a complete 
male and female sexual apparatus This is thought to be an adap- 
tation to sedentary life, which provides relatively few contacts 
between individuals Mermaphroditism makes possible two ex- 
changes of sperms, instead of only one, for each meeting of two 
individuals 

The srx orc.ans arc located in the anterior end ol the worm, 
each organ in a particular segment The male sex cells are formed 



An nrit'^i-eve’ view of nn earthworm with iht. anterior end lifted to show the four 
ROWS Ol HKisiiis Ihc thiLkcning ol the hodv wall in the region of the n.iimiiM 
obscures the cxltmal scgmcnl.ilion and also the bristles nl that region The position 
of the cliteilum is definite foi each species of earthworm In iMiiihrlmt n-rreoMs n 
extends over segments U or 12 to V7 

in two pairs ol testes, located m segments 10 and II. and each 
pair IS enclosed within a testis sac that communicates w'lth the 
sperm sac in which the sex cells undergo further development 
The mature sperms pass back into the testis sac. into the sperm 
funnels, and through the sperm ducts to the two male genital 
openings on the ventral surface of segment 15 Two pairs of 
small sacs, the sperm receptacles, in segments 9 and 10, open 
thiough pores to the ventral surface During mating they receive 
the sperms from the other paitner The eggs are formed in a pair 
ot ovaries in segment 13 As they attain maturity, they are shed 
from the free end of the ovary into the egg funnels situated on the 
posterior face of segment 13 These funnels lead into the ovi- 
ducts. which open by two minute pores on the ventral surface 
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of segment 14 The beginning of the oviduct has a lateral pouch, 
the egg sue, in which ripe eggs are stored Behind the sex organs 
IS d swollen ring, the clitellum, formed by the thickening of the 
surface epithelium, which contains great numbers ol gland cells 
These secrete mucus which, as we shall sec, plays an important 
role in the protection of the developing embryos 
The MATiNC. PRortss is no simple shedding of the gametes, as 
m the aquatic annelids At the sexual season, v\hcn the ground 
IS wet following i.iin, the worms may emerge and tiavcl some 
distance over the surface before they mate, more often they 
merely protrude the antcior end and mate with a worm in an 
adioining burrow The two worms appose the ventral surfaces ol 
their anterior ends, the heads pointing in opposite directions 
I Llitellum ol one worm is opposite segment^ 9 1 1 ol the oilier, 
and this is the legion of most intimate attachment Mucus is 
secieled until each worm becomes enclosed in a lubulai mucous 
‘slime tube’, which extends fiom segment 9 to the posterior edge 
ol the clitellum When the sperms issue from the male genital 
openings in segment 15, they arc carried backward (in longi- 
tudinal giooves which arc convened into tubes bv the presence 
of the mucous sheath) to the openings of the sperm receptacles 
ett segments 9 and 10 ol the maling partner Tlien the worms 
separate, the cgg-laving and fcrlili/aiion occur later 
The Fta.-LAViNr. starts when the gland cells ol the clitellum 
secrete a mucous ring which glides lorward over (he bodv of the 
worm As it passes the op..nings of the oviducts (segment 14), 
It receives several npe eggs, and then, as it passes the more 
anterior openings ol the sperm receptacles (segments 9 and 10), 
It receives sperms which were deposited there previously by 
another worm in the mating process i citih/ation of the eggs 
takes place within the mucous ring, which finall> slips past the 
anterior tip ol the worm and becomes closed at both ends to 
form a sealed capsule (sometimes called a ‘cocoon') Within the 
capsule, which lies m the soil, the zygotes develop directly into 
young worms and then escape As in other land animals (and m 
frcsh-watei forms as well) there is no frcc-svvimming larval stage 
comparable with that of mat me annd'ds 

POL vein ns 

The marine bristle worms, such as the nereis, comprise the 
largest and most generalized class of annelids, the polychaeta, 
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bcaiing homy laws oi 
leelh, and well-developed pauipods Manv ol these animals, like 
the nereis, live m bin lows but can leave them and build new ones 
Some of them have a snecial .sexual phase, which m the case of 
the nereids is called a Iwfctoncici', This modilied sexual animal 
looks so ditleicnt liom the noimal biiiiowing type that it can 
scauelv be iccognizcil .is belonging to the same species The eyes 
aie enlaiged, the sensoiv pioiedions shi unken, and the body is 
ditfcrentiatcd into two disimcl parts an anterior region with 
Liiimodilied paiapods, and a poslciioi legion with parapods that 
have enoimoLis lobes <ind llaltencd, oai -shaped bristles These 
changes .iic associated with the mcieascd activity ot the tree- 
swimming sexual foim, foi the heteioncieis does lesemblc those 
polvchetes which aie peimanently liee-svvimming 
In some polychelcs the sex cells are formed only in the pos- 
terior pari of the worm After undergoing changes in shape and 
colour this pari breaks oil', rises (o the surlace and swims about, 
sbeddmg the eggs oi sperms In the palolo worm of the South 
Pacitic this takes place at a specific time iusl at dawn one week 
after the November lull moon The sexual pieces rise to the sur- 
lace m countless millions, and the appearance of the water at this 
time has been compared to vermicelli soup Later it appears 
milky from the eggs and sperms that are discharged The anterior 
part of the w'orm, which remains hidden m some crevice in the 
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coral rock when the posterior piece breaks off, regenerates the 
missing parts On the corresponding day of the next year, the 
regenerated posterior end, laden with sex cells, breaks away 

The natives of the Samoan and olher islands arc familiar with the 
habits of the palolos They consider them a gieat delicacy and look 
forw.ird to their breeding season When the day ai rives, they scoop 
them up m buckets and prepare a great feast, gorging themselves just 
as we do on Chiistmas day, knowing that there will not be another 
treat like it until exactly the same day of the next year Actually, there 
IS a small ‘cro|T of swarming palolos .i week after the October full 
moon, but it is too small to interest the natives 

Since the sex cells ol animals are capable ol being fertilized 
for only a short time after they arc released into sea water, the 
swarming habits of polychctcs, which proxidc for the simul- 
taneous lelease of eggs and s|x:nns ftom a great many closely- 
approximated individuals, are an adaptation foi ensuring the 
fertilization of the greatest possible number of eggs In addition 
to the periodicity of the swarming, some polychctcs have other 
devices which bring about the simultaneous extiusion of eggs 
and sperms In the nercids the discharge of sperms is set oft' by a 
secretion from the swarming female In the so-called ‘fire w'orms’ 
of Bermuda the meeting ol the sexes involves the exchange of 
light signals The worms come to the surface to spawn each 
month a few days after the full moon at about an hour after sun- 
set The female appears first and circles about, emitting at in- 
tervals a greenish phosphorescent glow which is readily visible to 
observers on the beach The smaller male then darts rapidly 
toward the female, emitting flashes of light as it goes. When the 
two sexes come close together, they burst, shedding the .sex cells 
into the sea water Then the spent worms, reduced to shreds ol 
tissue, perish It has been suggested that the phosphorescent 
lla-shes of spawning polychctcs were the lights seen bv Columbus 
on the night he approached the New World 

The true tube-dvvellin(. polyohetes larcly oi never leave 
their tubes, which may be made of mucus hardened to a parch- 
ment-like material, of particles of sand or shells stuck together 
by a mucous secretion, or of lime laid down on a mucous 
framework These worms have degenerate parapods, their 
heads, though reduced, are provided with long brilliantly 
coloured tentacles which protrude from the opening of the tube 
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Some forms also have extensible gill filaments, full of circulating 
blood, which serve as respiratory organs The anterior part of the 
digestive tube is not eversible, and there are no jaws These 
worms feed on minute animals or plants which are carried to- 
wards the mouth by lows of cilia on the tentacles 
The BURROW ING POLYCiints ha\c reduced heads and parapods 
as in the tube-dwelling lyfics But they have an eversible pharynx, 
which, in the common iugw-orm Arcnuola, is covered with 
minute papillas and in addition to its use in Iccding, serves as the 
chief organ of locomotion through the sand Arcnicola feeds 
like an earthworm, passing large quantities ol sand through the 
digestive system to obtain the organic matter mixed with it The 
castings can be seen on sandv beaches when the tide is out 


OLlGOC HTTI s 

The second largest class ol annelids is the oLiGociiAnA (‘few' 
bristles'), of which more than four-lifths are the earthworms and 



the rest aic mostly small or minute 
worms which occur in the soil or in 
flesh water (This last type is exten- 
sivelv used as fish food and is familiai 
to bleeders ol pet fish A hydia can 
be seen eating a fresh-water oligo- 
ehetc in the photographs in chapter 7 ) 
The oligochetes dilTcr from poly- 
chetes in several important respects 
Theic arc no parapods, and the 
bristles emerge from pits in the body 
w'all Whcieas the polychetes have 
separate sexes and the sex cells arc 
budded off from the coelomic lining 
in numeiOLis segments, the oligochetes 
are hermaphroditic and the sex cells 
are produced in special organs which 
occur only in ceitain segments 
Because both groups have clearly 
marked external segmentation, share 
many annelid structuies, and bear on 
each side of every segment tw'o separ- 
ate bundles of bristles which aie 
moved by muscles and serve in 
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locomotion, they are sometimes 
grouped together as the Chaetopoda 
(‘bristle-footed’) These resemblances 
may be the result of descent from a 
common ancestral group which was 
more primitive then eilhei polychetes 
or oligocheles But if one of the 
groups IS deiived from the other, the 
polychetes are certainly the more 
piimitivc group and the oligochetes 
the dciived gioup 

ARC HIANNI-LIDS 

Formerly both polychetes and 
oligochetes were thought to ha\e 
evolved bom a supposedly primitive 
group of annelids, the class ar( hian- 
Ni LIDA (‘piimitive annelids’) Now 
the best opinion considers these 
wrirms to be not piimitive hut .sinipli- 
fu’d annelids, which have lost the 
external segmentation and in most 
cases also the parapods and bristles 
Manv of them <iie ciliated, a luvenilc 
chaiactei letained born the tioeho- 
phoic larva 


\ 1111 H 1 he cJis!csii\e tr.ict tui'- 


lefches 


fiiE leeches, class iiirudiniv ha\c 
no bristles , and the external segmenta- 
tion of the body does not coi icspond 
with the internal segments, of which 
there are fewer The body is solid, the 
coelomic spaces being crowded out hy 
the giowth of connectne tissue There 
IS a definite number of segments, for leeches do not add them 
on throughout life, as do other annelids At each end of the 
body is a sucker, the posterior being much larger than the anterior, 
which has the mouth in its centre Despite all the modifications 
the leeches are closelv related to the oligochetes and are probably 


liirgt. Mtlt. poutlus ur(. itiv 

increase le tupaeiiv loi MikhI 
1 Ik sjrldcc I'f the leech is tluovcn 
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derived from them There is no character of leeches which is not 
present in at least some degree in some oligochete. 

Most leeches lead a semiparasitic life, sucking the blood of 
vertebrates, although some of them have lost this habit and feed 
on small animals. They show some of the adaptations for 
parasitism that were noted among flatworms, namely the develop- 
ment ol clinging organs, the suckers, and the extreme complica- 
tion of the reproductue system On the other hand, since they 
need to swim about to locate victims, they are less modilied than 
flukes or tapeworms and have eyes In sucking blood, a leech at- 
taches to some vertebrate by the posterior sucker, applies the 
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The HEAD 01 A LEECH, 011 1 Da three icelh ol a leech 

away to show the three mfliLld Y-shapcdwoutid 

sasslikc lettli with which (After Reihsteiii 1 

It makes a wound 
(Modified (roni Plurls- 
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anterior sucker to the skin, makes a wound, often with the aid of 
little jaws inside the mouth, fills its digestive tract WTth blood, and 
then drops off, remaining torpid while digesting the meal Laigc 
blood meals are few' and lar between, but the digestive tract has 
latcial pouches which hold enough blood to last for months 
The salivary glands of leeches manufacture a substance called 
hinichn, which prevents the coagulation of the blood while the 
leech IS taking its meal For this icason a wound made by a leech 
continues to bleed for a long time after the leech has detached 
itself. 
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A Missing Link - Peripatus 

If we could (ind an animal clearly intcrmcdiaie in struciure 
betv.ccn two modern ph>la, we would have good evidence that 
the two phyla arc closely related That such an animal has never 
been found is not surprising Indeed, it would be more remark- 
able if the very form whieli at some remote time in the past 
gave rise to two stocks, now leprcscnlcd bv two modern phyla, 
had also persisted unchanged through the ages We have fossil 
records to show that certain species have remained unchanged 
for very long periods ol time, but none are so old that they 
trace back to the time befoie all the modern phvla had ev olved 
Therefoie, wc olten speak of these missing ancestral forms as 
Tiussing links’ 

An animal that comes closer than any othei to being the 
'missing link’ between any two phyla is the pfripatus, member 
of the small phylum Onv( hophora, the name of which means 
’claw-bearing' and relers to the curved claws on the feet The 
peripatus is a rare animal, lound in moist places under logs m 
the tropical forests ol Austr.ilia, Africa, Asia, South and Central 
America, and a few other regions Its occurrence only m local 
regions in such widely separated parts of the world suggests that 
It was probably a more successful and widespread form m the 
past but is now' graduallv' disappearing 



A MISSING LINK PERIPATUS 


255 


A peripatus looks much like a cater- 
pillar, 2 or 3 inches long, with soft 
\elvety skin and many pairs of legs 
While many of its structures are like 
those of the phylum Arthropoda. to 
which the catci pillars belong, the pen- 
patus also has many similarities to the 
annelids and, of course, some special 
fealuies ol its own As alieady pointed 
out, neilhei the peiipalus, as we iind it 
now, nor any othei living animal could ^ 

be ancestral to any group as old as a ‘f'> oi j i-.Lnpnuib showing 
phylum, but theie is little doubt that nrihropod-iikL cidws 
the pciipatus is a descendant fiom a line 

v\hich branched olf close to the pi imitoe annelid-arthropod stock. 

Linlike typical annelids and arthropods, the peripatus shows 
no external segmentation, though there is a pair of legs for each 
internal segment of the bodv The legs end in claws, sshich 
superficially resemble those of arthropods, but difl'er from 
arthropod legs m that they arc not divided into joints 

The outei coxermg is a thin curitLi like that of annelids, 
although It IS ridged and coxered with microscopic projections 
which give It a vchcir icxturc unknown in other animals and 
which appear to prevcni the cuticle from being rcadilv wetted 
by water Beneath the epidermis which secretes the cuticle are 
layers of muscles, as in annelids The body wall of arthropods 
IS somewhat different, having a heavy outer covering and no 
continuous layer ol muscle 

1 he peripatus usually comes out at night , and, though it has a 
pan of simple annelid-like eyes, it feels its way about by means of 
two scnsoiy piojeciions, oi antennas, on the head When attacked, 
It gives ofi a slimy secretion fiom a pair of glands which open on 
two projections, the oral papillas It feeds on small insects and 
oiliei animals by means ol a pan ol horny cutting laws Tach ol 
the thiee pairs ol head appendages (antennas, oral papillas, and 
laws) occiiis on one ol the three segments which compose the 
head The fusion of segments, paiticulaily at the head end, is 
characteristic of the most highly developed segmented animals, 
and the iriRtt-siGMENTtn head of the peiipatus is thought to 
indicate a condition midway between that of annelids and 
arthropods, since the latter have a six-segmented head 
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The INTERNAL ANATOMY js a mixtuic of arinclid-like and 
arthtopod-iike structures The digestive tract is simple and not 
particularly distinctive The circulatoiy system is like that of 
arthropods A long contiactile dot sal vessel, the heait, extends 
the length oi the body and has along its sides a pair of openings 
for each segment ol the body As in arthropods, there are no 
definite vessels to leturn the blood to the heait Aftei leaving 
the \essels that carry blood away horn the heait, the blood 
flows into laige spaces in the tissues and finally collects in the 
spate suiiounding the heait, into vshich it enters Ihiough the 
paiied heait-openings The coelom is practically obliteialed by 
the giowth of connective tissue in which the blood spaces occui, 
and this is typical of arthropods But the most aithiopod-like 
chaiactei of all is the respiiatory system, consisting of air icnis 
(tracheal tubes) which open from the external suiface and extend 
throughout the body, piping an directly to the tissues Although 
such stiuctuies occur iiowheic else in the animal kingdom exvcpt 
in teiresfrial aithiopods, they aie thought to have aiisen inde- 
pendently m the two gioups and not to be evidence that the 
Onychophoia ate lelated to aithiopods 

The most annelid-like v.haiactei is the ixcruors sssitM 
This consists ol scgmeiually aiianged pans of coiled tubes which 
open by external pores at the bases of the legs They icsemhle 
the excietoiy oigans (nephiidia) ol annelids The inner end of 
each oigan opens, mto a veiy small coclomic sac, fioni whieli 
wastes aie collected, piesumably ciiteimg there by diffusion 
from the large internal blood space Cilia m the tube sweep the 
wastes outthioiigh the external poie 

The NERVOUS SYSTEM IS piiiiiitive Fiom the brain m the head 
lun two widely sepaiated venlial nerve voids which show small 
thickenings in each segment Some annelids have widely sepaiated 
voids, but even the piinritive ones have segmental ganglia that 
aie laigei than those m the peiipatus 

The Ri PRODUt iivi OROANS aie ciliated as m annelids, cilia do 
not occur anywheie in aithiopods The eggs aie feitili/ed within 
the body of the female In some species eggs aie laid, but in most 
foims the eggs develop within the female, and the young aie born 
fully developed As internal feiTili/ation and development of the 
eggs are adjustments to land life and have evolved independently 
in terrestrial animals ol many phyla, they have no special 
significance for the relationships of the penpatus 
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The existence of an animal with structures peculiai to two 
difierent phyla is a situation which follows naturally from what 
we know of the continuous nature of the process of organic 
evolution But it creates dilhcultics in classihcation The problem 
has been solved temporarily by placing the pcripatus group in 
a phylum by itself Still, there are some zoologists who think 
that the animal is definitelv an annelid and that its arthropod- 
like characters have arisen independent!) m the two groups 
Others feel that these curious animals should be made one of 
the classes of the arthropods, with w'hich group, thev maintain, 
It belongs That such a controversy exists makes the peiipatus 
the best living candidate foi the title of 'missing link’, or since 
It IS not missing, peihaps vve should call it a ‘connecting link’ 
It suggests what the intermediate stage bctvven two plivla might 
have been like, although the picture is much modified bv the 
fact that the peripatus has undergone consideiable evolution 
since the time it first blanched from the piimitive annclid- 
arthiopod stock 




CHAPTER 22 

Jointed-legged Animals 

In human society ‘success' is commonly expressed in terms ol 
the amount ol money a man controls or the le\el of esteem which 
he occupies in the minds of his associates But when we talk of 
the ‘biological success’ of man or of any other animal as a 
species, we have in mind very different criteria 
The animal groups which we judge to have attained the 
gieatest ‘biological success’ are those which have the largest 
numbers of species and of individuals, occupying the widest 
stretches of territory and the greatest \aricty ol habitats, con- 
suming the largest amount and kinds of food, and most capable 
of defending themselves against their enemies By these standards 
the phylum which occupies first place among animals 
(vertebrate and invertebrate) is the phylum ARTHWaODA 
More species of arthropods have bwn described than of all 
other kinds of animals put together. Of the million or so known 
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species of animals, over three-fourths arc arthropods The 
MAJOR CLASSES of arthropods are the crustaceans (crayhsh, 
lobsters, shrimps, crabs, v^ater fleas, barnacles), the centipedes, 
the millipedes, the arachnids (spiders, scorpions, ticks, mites), 
and - by far the largest class of all - the insects Only a few 
insects have been able to invade the ocean, but the group is 
extremely abundant in fresh water and on land In temperate 
regions insects cannot compete with the warm-blooded verte- 
brates during the wintei , but in the tropics, w'here they suffer 
no handicap, they arc dominant at all seasons 
Some arthropods are beneficial to man. providing food or 
some valuable service Others do untold damage, destroying 
crops, undermining wooden buildings, and transmitting diseases 



w)Ll^ WAL 1 oi ANNiii') \M' AKrUKoi’i'i) ( iiN I KAS It I ) In iiirii.lnJ'. ilu (.uiilIo is thin 
untl the epidermis is iiiidtrLiin liv hcjvy laveri o( ciii.ul.ir and longitudinal muscles 
In arthropods the cuticle l^ hr.ivs tin musLles ou iii in scp.ir.itc bundles there is no 
Lontinuousljvcr 

Parts ol the worlds most lertile regions arc closed to man by 
the presence of disease-bearing arthropods And where they do 
not exclude him altogether, they are man's chief competitors 
lor food and shelter 

The arthropod body plan may be roughly described as an 
elaboration and specialization ol the segmented body plan ol 
annelids Primitive arthropods aie composed ol a senes of 
similar segments bearing similar appendages But in the higher 
types almost every segment of the body has a somewhat different 
structure and function The outer layer, or cuticll, very thin 
in annelids, in arthropods is usually a heavy layer which serves 
as a ptofcLtive aiinom It is non-living, but is secieted by the 
underlying epithelium, and is composed of several diflerent 
substances, each of which contributes some useful property 
Homy outer coverings occur in many groups of animals (for 
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example, the covering of the 
obelia colony or the cuticle 
of annelids), but in no case 
are they used so effectively 
or produced in so great a 
vai lety of structuies as in arth- 
lopods Made of the cuticle, 
in whole or in part, are outei 
protective coveiings, biting 
jaws, piercing beaks, grinding 
surfaces, lenses, tactile sense 
organs, sound-producing 
organs, walking legs, pincers, swimming paddles, mating oigans, 
wings, and innumerable other structuies found among the highly- 
diversilied insects This horny material is to the arthropods what 
steel IS to ciMlized man, and it is partly due to the possession ol 
this hard cuticle that the arthiopods owe then success 
The surface of the cuticle is a thin waxy lavor which makes il 
waterproof Under this is a heavy layer composed of a protein 
and of CHiTiN, a homy llexible substance which is the most 
characteristic component of the cuticle, if not the principal one. 
and which provides elasticity Wherever the cuticle is relatively 
rigid, as it 18 over most of the surface o( <Ln arthropod, there is 
a thud layer, which lies between the other two It is formed by 
the inliltration of the upper part of the chitinous layer with the 
substimee of the waxy layer and othci hardening materials 
(which in crustaceans arc mostly lime salts) The middle layer 
IS responsible for the rigidity of the cuticle, the propeity which 
makes it so ellectixe as a protective armour Since the hardening 
occurs in definitely limited areas, betw-een which the cuticle 
remains as flexible membranes, or joints, the outer covering ol 
arthropods provides prohction without sacrificing mobilitv This 
IS what makes it so superior to the armours of such animals as 
the snails and dams, which have heavy cumbersome shells that 
limit movement 

Since the rigid cuticle furnishes a supporting framework for 
the tissues within and provides a surface for the attachment of 
muscles, it is appropriately tailed an exoskeleton And though 
the chitin is responsible for the elasticity, rather than the rigidity, 
of the cuticle, in order to distinguish it from the external supports 
of other animals we usually call it a chitinous exoskeleton. 



fioDY WALL of an arthropod 
(Based on sc\cral sources) 
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Diiifjiiini conlMsling sktlclal and rnu>(.ulai '\sii.nis i)l \crlehr,ilL and arlhropud / c^' 
pan nl a \crlihralc linih, slu'Wjn^ lhai tlu lioncs la. mtcrnallv and liavc niincles 
atlaihed lo ihcir oui^i siiifii.es K, if par' of an arthropod limb showing ih.it tin 
aitiele lies eMermllv and h.is miissUs iti.iehid to its inner surlaec 

In sharp LOiiliasI lo ihis kind ol fiamcwork is Ihc cndoskclclon 
ol vertebrates, which lies on the inside and is surroimd.'d by 
the soil Heshy parts Wc can imagine how it might feel to be 
an artliiopod by mentally putting on an iron suit ol armour 
which adheres closcI> to the skin, and then thinking ol our bones 
being ehiTiinatcd and our muscles being attached instead to 
the non armoui 

To their chilinous cvoskeleton arthiopods owe their ability 
to live on land li\M) i iii requires. aiiKuig certain other adjust- 
ments, a relativelv uupctmcahh outn i<>\ciinp I o present drying 



Thrcc-dimtnMon.il i.ro .s-scclion llirough Mil I xoscri e ion ol an arthropod lo show 
(hal It consul ol liard.’ncd pl.ites, joined h' more fluible membranes ol cuticle and 
serves as a place of allachnicnt for muscles (Allei Snodgrass ) 
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of the watery tissues withm and a iairly rigid framework of some 
kind to support the soft tissues In vertebrates the covering is 
furnished by scales or heavy skin, and the supporting framework 
IS a bony skeleton fn arthropods the waterproof and rigid 
cuticle fills both requirements and enables the group to exploit 
the land with practicallv no serious competition from the other 
invertebrate groups, most of which are largely aquatic 

The name Arthropoda means ‘jointed legs’ and lefers to the 
most characteristic structures o( arthropods do distinguish 
them from the lointcd appendages of vertebrates (for example, 
the arms and legs ol man) we call them (inriNotis joinifd 
APPENDAt.is The various appendages of ar(h^opod^ have a 
specialized structure which adipts them to some particular 
function This increases eibciencv but sacrifices the versatility 
possess' d by the more generalized hands ol man 

I IKF the nereis, which has a pair of swamming flaps (parapods) 
on nearly every segment of the body, the arthropods also have, 
typically, a pair ol appendages to every segment In the embryos 
of both groups the appendages arise in a similar way Irom similar 
structures, and hence are said to be ‘homologous’ The principle 
of tiOMOLCK/V IS the basis ol our scheme (or determining animal 
relationships Thus, if two animals have similar structures which 
develop in the same way Irom correspondin ; embryonic parts, 
the animals arc ludgcd to be closely related The more similar 
the structures and their mode of origin, and the greater the 
numbers of such structures, the closer their relation In other 
words, we assume that the homologous structures ol twi> different 
animals have come, by a process of gradual modification, fiom 
the same or a corresponding pait of some remote common 
ancestor 

Not all structures which lescmblc one another indicate a 
common evolutionary origin of the animals which possess them 
Many are only superficially alike, being adapted to the same 
environmental conditions, and such structures arise in entirely 
different ways in the cmbrvms They are similar m function but 
not in basic plan or mode of origin, and arc said to be analogous 
The wing of a bird and that of a bee are both used for flying, 
though one is made of feathers and the other of chitin, and they 
do not develop in the same way They are analogous, but not 
homologous On the other hand, the wing of a bee is homologous 
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to that of a dragonfly or a cockroach In all three insects the 
wing IS essentially the same and arises from a corresponding 
part of the embryo In this case the homologous organs, all 
used for flying, are also analogous Sometimes homologous 
structures have diflercnt functions the legs of a bee arc used in 
walking, while those of a water beetle are adapted for swimming 
When corresponding structuics in dilfcient segments of the 
same animal are considered, we say that they are serially 



file \i’PLM)\(.is of .irllirupod, origin. ilK i.hn.lly lor locomotion, h.i\e been 

mollified toi .1 gre.it v irict\ ol funnions evni in the s.iinc unim.il llitv arc all homo 
logon-, but 1101 analogous \ pinching leg ol a lobster I), walking leg ot a grasshopper 
(. , .wiinniiiig lig ol a w.iitr beetle I) sensors antenna ot a hones bec L. ..hewing j.tw 
ol .1 toekroach b ni.iling orgtn of a m.ile lobster (Aftci various sources ) 


noMOLix.oiJS One parapod of a nereis is serially homologous 
(0 any other The Iront leg of a bee is serially homologous to 
the third leg, and both legs are serially homologous to the 
antennas and the jaws, which are modihed segmental appendages 
and arise liom corresponding parts ol their respective segments 
On the other hand, the eyes or wings arise in a different way 
and, therefore, are not homologous to the laws. antennas, and 
legs 

In the insects and in many other arthropods the segments are 
grouped into three body regions head, thorax, and abdomen 



ANIMALS WITHOUT BACKBONES 


While the head always consists of six segments, the thorax 
and abdomen are composed of different numbers of segments 
and are not comparable m the various groups of arthropods 
The thorax of a crustacean does not correspond to the thorax 
of an insect, they are similar only in that they both represent 
the middle region of the body The head and thorax may be 
fused, as in the lobster, or the abdomen may be much reduced 
as in crabs , but in most arthropods the total number of segments 
IS much smaller than that of annelids further, adult arthropods 
have a fixed number of segments and do not add them on 
throughout life, as do most annelids The same is true of the 
vertebrates, which have a fixed number of segments and a fusion 
of manv of them If we wish to generalize, we may say that 
primitive animals have a large and indelinite number of repeated 
but similar parts, while more specialized animals have a smaller 
and dolinite numbei ol repeated parts with much division ot 
labour fimong them, or they have the repeated parts fused into 
compact masses or organs (For a specific example ot this, see 
diagrams ol the neivous systems on p 272) 

The HIM) of every arthropod consists of exactly six sei^mcnts 
Each segment typically beais a pair ol lointed appendages, 
which are sensory oi have to do with feeding The segments are 
clearly visible in the embryo, but as development proceeds 
they fuse, so that, in the adult, segmentation of the head is 


indicated only by the pie- 
scncc of the seveial pairs ol 
appendages The head .ilso 
beais a pair ol eompound 
eyes in the primitive .11 th- 
ropods, ciiistaceans and in- 
sects, the othcis have onlv 
simple eyes or clustcis of 
simple eyes Most insects 
have simple eyes in addition 
to the compound eyes 

Knowledge of the coircspond- 
cncc between appendages and 
segments tomes fioin the 
study of embryologv The 
following desciiplion applies 
in general to the crustaceans. 
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centipedes, millipedes, and injects 
but not to arachnids (see chap 23) 

The first segment nevei has an ap- 
pendage The second bears a pair 
of feelers, or antennas The third 
has a second pan of antennas in 
crustaceans, but lacks a segmental 
appendage in insects The fourth 
has the jaws, which usually ser\'e 
for biting but may be modified for 
other methods of feeding The fifth 
and sixth segments each bear a pair 
of tnaxillds, accessory jaws which 
aid in feeding, parliciilarlv in hand- 
ling the food and in holding it to 
the mouth The mandibles and 
maxillas aie icicired to collcclivcly 
as ‘mouth parts’, and arc fre- 
quently very highly modified 

The i:yes oi arthropods are composed of visual units, each 
of which IS a bundle ol cells consisting of two functional parts 
The first is represented by refractive bodies \yhich liansmit the 
light rays and condense them upon the light-scnsitive cells 
The cuticle which covers the surface of the body is tiansparent 
and usually much thickened to form a lens over the surface 
ol the eye, and there are one or more additional refractive 
structures within the eye The second part, or tctina, lies deeper 
and IS composed of a layer of light-sensilive cells continued at 
their lovyei ends into nerve fibres y\hich enter the central 
nervous system A simple cxr has a single light-condensing 
apparatus for all the sensory cells A compound hYf is composed 
ol lumdreds or thousands ol units, each with its own light- 
condensing apparatus This kind ol eye is unique to arthropods 
and (except for the 'camera' eyes of certain molluscs described 
on p 225) IS the most highiv developed of inyertcbrate eyes 
It docs not give as sharp rm image as the ‘camcni’ eye of man , 
perhaps the arthropod secs something a little worse than a 
newspaper photograph as it would look to us under a magnifying 
glass However, some insects must have fairly good images, 
for they have been seen attempting to extract nectar from 
flowers on wall paper. In any aisc, arthropods react not so 
much to details in an image (as w-e do) as to motion Since the 



ccllb li.ivt ,1 siiitk lens iiuidt (|| 
ci)li(.k iiml secreted hv the unJer- 
Iviny epidermis (Afiei llentschel i 
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movements of objects are recorded successively in every unit, 
the compound eye is admirably adapted for detecting the 
slightest movement of prey or enemy 

Each unit ol the compound eye is isolated optically from its neighbours 
by a screen of pigment cells, so that only a narrow band of parallel 
rays enters each unit, and it is thought that the image thrown on the 
retina is a mosaic composed of as many points of light as there are 
units Most compound eyes arc adapted to see in dim light by a migra- 



tion of the pigment, leaving the sides of (he visual units exposed In 
this case each unit thiows on the retina an image of a larger part cd the 
visual held, and the adiaccnt images overlap somewhat Such over- 
lapping images arc not as sh.aip, but enable the amm.d to sec in dimmer 
light, since they do not waste the light which enters obliquely and i^ 
therelore absorbed by the pigment in the mosaic type of vision 

The THORAX of arthropods has different numbers of segments 
in the various groups In the Crustacea, which are more primitive 
there are often nimicrous segments, with appendages for feeding 
and walking In the insects, which arc more sf^ecializcd, the 
thorax is composed of three segments, each of which bears 
ventrally a pair of legs and dorsally, on the second and third 



JOINTED-LEGGED ANIMALS 


171 


segments each, a pair of wings The 
thoracic appendages of arthropods are 
most often used for walking, but may 
also serve other functions In th^ lobster 
one pair is modified for grasping, and in 
the honey-bee the legs, though used lor 
walking, are highly modihed for collect- 
ing pollen (see p 318) 

The ABDOMEN may or may not have 
appendages In the ci iistaceans. such as 
the lobster, there is a pair of appendages 
on every abdominal segment, but in 
higher forms these have been lost, until 
in the insects there are practically no 
abdominal appendages homologous 
with the appendages of the othei seg- 
ments, except the cgg-depositmg struc- 
tures on the most posterior segments 

In the neieis we saw a clearly seg- 
mental anangement of parts, both 
external and inteinal with onlv the 
Ix^ginnings ol fusion and specialization 
at the head end Lveiy organ system had a compound 

a representative in each segment which uuk 
providerl for the local needs of the n>c iigin-Mnsiuve clIK aa 
segment In the arthropods we have -^'-omukd . sca-en oi 

' piLMiRiii (.clK, wIirIi e\cludc 

alreadv seen modilications of thepiimi- ..hiuiue uus oi iigin ir.mi 
tive external segmentation in the lusion inm 

of the head segments and the specialization of the various append- 
ages The INTERNAL SEGMENTATION IS cvcn morc modified Some 
of the oigan systems consist of single large organs which serve 
the whole bodv, and segmentation is clearly appaient only 
in the repeated branches of the ciiculatory and respiratory 
systems and in the ganglia and segmental branches of the 
nervous ssstem 

The NERVOUS SYSTEM coiisists of a dorsal brain which connects, 
by a ring ot nervous tissue encircling the digestive tract, with 
the first ganglion of the ventral nerve cord In pi imitive arthro- 
pods this system can hardly be distinguished from that of 
annelids In higher arthropods there are all stages of condensa- 
tion of the ganglia, reaching a peak in certain animals which 
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have all the ganglia of the thorax and abdomen fused into one 
large mass 

One might suppose that an animal that lives encased in a 
non-living cuticle as heavy as that of arthropods would be 
handicapped in establishing connections between the central 
nervous system and the external environment On the contrary, 
the cellular and cuticular layers ol the body wall of arthropods 
have been modified to form highly specialized sfnse organs 



A B C D 


NhKvons svrrMS (»t \ inoii irlhropotls lui'Mug hMon ol tin g.mylij A, pnmitivf 
Lnisluccan H, c ilfrpill.ir ( lioncvbco D vi,,ii(ibug (Aftrr sevcnl soiirccb I 

of a varietv gre^itcr than dial found in any other phylum The 
m'i, sensitive to light, and the antennas, sensitive to touch and 
to chemical stimuli, have already been mentioned Some arthro- 
pods also have balancing’ <n^ans, composed of sensorv' pits 
containing hard particles, and audiiotv orgam, which have a 
flexible membrane stretched across an opening in the hard 
cuticle In <iddition, the surface of the body is covered v\ith a 
variety of sensory bnstks, ‘hairs’, spines, scales, and pits The 
simplest of these is a bristle lorrned by a hollow outgrowth ol 
the cuticle and connected with a sensory cell w'hich extends to 
Its base. Ihe bristle articulates with the cuticle, and any 
mechanical stimulus which moves the bristle sets up an impulse 
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m the sensory cell with which it connects Certain small and 
slender bristles which are not movable and have thm and 
permeable walls are assumed to be among the receptors of 
chemical stimuli (taste and smell) 

The COLLOM of arthropods is practically obliterated. It appears 
in the embryo as a senes of cavities in the mesoderm, but in the 
adult 13 represented chiedy by the cavities of the sex organs 



Portion ot boilv wull ol .in inAti-i lo iliow slvci iI liiiUs ol si Nil oKtiANS Tlie hnult 
responds lo tomli Ihc pen is m.idi o| ihm Liilidi. .inJ is tlierolori thoiiKht to be a 
reci-ploi lor taste oi Miiell , the saint, is triit. ol tin. /// pei, \slii(.h lies ui a cavitt Ih.ii 
opens to the siirlaai (liroiuh a pon, 1 lie plmc Iwilliuiit a port | mas be u rcocptoi loi 
chemical stimuli but its t-xatt tuiiitiori is noi knusvii ((. oinbincd fiom Mt lndoo and 
Siiuditrass ) 


The apparent bodv uivity ol the adult is not a eucloin at all, 
but a laige ‘blood cavity’ which forms pan ot the circulatory 
system 

The ciRCUi.AiOKY SYSTEM has evoked m the direction of 
simplification The heait is a pulsating tube which lies dorsally. 
The arteries lead not into capillaries but into the ‘blood cavities’ 
in the mesenchyme throughout the body In these spaces the 
blood bathes the various organs Then it leturns to a large cavity 
suiroundmg the heart and enters the heart through paired 
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openings in its sides Since the blood is not at all times confined 
within blood vessels, this type of system is called an open 
CIRCULATORY SYSTEM, in Contrast to the closed systems of such 
groups as annelids and vertebrates 
The great adaptability ot the arthropod body wall is further 
emphasized by the structures concerned with respiration 
Most terrestrial arthropods have a system of branching air 
tubes, formed by tubular ingrowths of the surface ectoderm 
The ectoderm secretes an inner lining ol cuticle, which strengthens 
the walls of the dehcate tubes and prevents them from collapsing 
Air enters and leaves the tubes through openings on the sides 
of the body and is piped directly to the tissues, parti) or almost 
completely replacing the respiratory function of the circulatory 



hit, CLOSii) ( iKtiu AtuH'i s^MiM ot .mudids, tlic blood is conlincd wiihm blood 
vesuK Riitht i»iiN ( tK( III MdRV of un insect The only blood \cssel is a pul 

sating iiibi. thrliciirl Hlood flows iot ss.iid through the heart and then passes uui ol the 
open anterior end into the tissue spaces and large blood cavities, eventuallv reluming 
to the heart through paired openings in iis .sides In the less specialized arthropods ihe 
vessels arc inori extensive, aritncs leading from the heart to the mam regions o( the 
body 

system Most aquatic arthropods breathe by means of g;//s, 
thin-vsallcd extensions of the body wall through which carbon 
dioxide and oxygen pass readily 
The cuticle also forms an important part of the DiOEStivb 
SYSTEM The ectoderm turns in at the mouth and anus and lines 
the anterior and posterior regions of the digestive tube \Mth the 
cuticle which it secretes In the anterior region the cuticle may 
be produced into hard teeth for grinding up the food In the 
insects and many othei arthropods the anus serves also as 
the exit tor nitrogenous wastes, since the excretoks organs 
are tubules which open into the digestive tube 
Aquatic arthropods range in size Irom minute crustaceans 
like the ‘water fleas' to monster crabs measuring up to 12 feet 
across their long, spindly, outspread legs Such large size is 
possible in the ocean, where the water supports most ol the 
weight of the animal But on land, legs with an exoskeleton 
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thick enough to support such a load above the surface of the 
ground would be too heavy for much movement. Thus, terrestnal 
arthropods are limited, by their exoskcleton, to a relatively 
SMALL SIZE, which IS not without Its compensations if we are 
to judge from the success of these animals Small size, combined 
with great development of the muscles, makes for active habits 
and easy escape from enemies In addition, small size requires 
relatively little growth, and many forms develop Irom the egg 
to the sexually mature adult in a few days or weeks Such a 
SHORT LirE-CYOLr rcsiilts in many generations m a year, and 
this means that such species may undergo rapid evolution, which 
explains, in part, the great numbers of species of terrestrial 
arthropods, particularlv insects 

Like most invertebrates, arthropods lay large numbcis of small 
eggs, usually the young hatch Irom the egg in an immature 
state and must feed to obtain the necessary materials for further 
growth and differentiation The larvas ol aquatic lorms are 
Irec-sw'imming and undergo a gradual ch.inge into the adult 
In the most specialized insects, the larvas (caterpillars, grubs, 
etc ) are so different from the adult that it is not possible to 
have a gradual change The larva surrounds itself with some 
kind of protective material and becomes translormcd into the 
I’tiPA. which IS referred to as a ‘quiescent’ stage - and so, it is, 
from all external appearances Internally, however, many im- 
portant changes take plate, for the larval tissues break down 
and become reorganized through the growth of certain cells 
w'hich were set aside early .M'ter a time the sexually mature 
adult emerges Such radical changes from laiva to adult are 
known as metamorphosis (‘change in form') (See chap 24 for 
examples ) 

In many insects which undergo metamoi phosis there is a 
marked division of labour amonc. the DiirLRLNi phases oi 
THE LiFi-HisioKV In the butteifly, lor example, the caterpillar 
has chewing taws and feeds on leaves It cats large quantities of 
lood in a rclativelv short time and grows very lapidly Thus, 
Its role m the life-history is feeding, The pupa undcigoes pro- 
found changes in structure, and its lunation may be s<iid to be 
that of irons format ion and dijjcientiation The adult is a winged 
form which has no chewang jaws and can feed only by extractmg 
nectai from flowers by means of a long sucking tube Its ability 
to fly makes it important m distribution of the species, but 
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perhaps its chief role is that of repioduction, for it does not 
grow and much of its food goes to produce the eggs Moreover, 
some adults never feed at all but mate soon after emerging from 
their pupal eases, the females lay eggs and the adults die 
Specialization between different stages in the life-cycle mav 
also involve more than one habitat This enables one species 
to evploit two very dilferent sources of energy, increasing the 
amount of energy <ivailable in any locality for the growth of 
that species I'or example, the adult mosquito is a flying, 
terrestrial form that sucks blood, while the larva lives in fresh 
water and feeds on minute organic particles wafted into the 
mouth by special bristles , 

Mam of the more primitive insa'ts have no metamorphosis 
or have only an in( omputp mftamori'hosis, like that of the 
cockroach The cockioach hatches from the egg as a voting 
form which looks like *i miniature adult except lor some 
differences in general proportion and in the possession of only 
the beginnings of wings (See photogiaphs on plate 92 ) It leads 
a life like that of the adult and grows rapidly Natuially, an 
animal with a hard outer covering cannot grow indefinitely 
without making some kind of leadiustment ^nd the cockroach 
periodically sheds or moults the outermost layers of the cuticle 
When the cuticle ruptures and is cast till, the animal already 
possesses a new' ‘roomier’ cuticle, which has formed beneath 
But until the haidenmg substances are laid down, the newJ>- 
shed cockroach has a light-coloured and delicate cuticle, which 
IS elastic and stretches to accommodate the animal From moult 
to moult, as growth continues, there is a gradual increase m 
specialization until the fully mature form is attained Most 
insects do not moult alter the adult stage is reached, but crus- 
taceans, centipedes, millipedes, arul arachnids do 

fHL phenomenon of polymorphism, as we saw it in coelentcr- 
ates, was a division of labour among the structurally diflerentiated 
submdividuals of a colony Arthropods arc not colonial in the 
structural sense, that is, the dilferent individuals are not physio- 
logically connected, as in the obeha But many insects show 
polymorphism in that different members ol the species are 
structurally specialized for the performance of different functions 
They live together as co-operating members ol a social colony 
The social insects most familiar to everyone are the highly 
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evolved anls, bees, and wasps, but the lowly termites, relatives 
of the cockroaches, have one of the most mtcrcsling types of 
social structure The termite workers are sterile, they build the 
nest, collect food, care tor the king and queen, and raise the 
young The icpioductnes are fertile and hatch as winged terms 
which fly out to establish new colonics They mate, and the 
female, or queen, spends the rest ot her lite laying eggs She 
cannot feed hcrselt but is ted and caied tor by the workers 
The sohiieis c.mnot feed themsehes, thev piotcct the colony 
from in\a(ljrs (For furthci details about the tcimites, see 
photographic section, pl.ite 94 ) Social life in insects has 
the same advantages as the social life ol man One iiulAidual 
need not peiform all the necessaiy labouis. the various duties 
being distributed among diHeicnl individuals speciali/ed loi the 
lob 

In human society the indivnUuiK aie not bom anatomically 
suited to thou vaiious occupations but become tiaincd physically 
and mentally to (it their pariiculai lobs ■‘\mong arthiopod 
societies the mdividuals are \!ni( iiuuHv mkipted tiom the very 
start, and aic so speciali/cd that sometimes they cannot even 
pciform such an oidmarv aclivitv as feetling 

The polymotphism ol serial arthiopods evtends also to their 
iiiiiAVioi'R The behaviour p.itteni'. ol a termite, tor csample, 
.lie established at the outset, liltle or no learning being necessary 
lot the animal to lake its place in the hie ol the colony This is 
demonstrated every time a new colons is tormed The workers 
which liatcli Irom the eggs laid b\ the queen have never seen 
the nest tiom which the queen eame, vet Ihcv eonslruct a nest 
exactly like it Such complex inherited behaviour is unlearned, 
or INSTINC iivi Not all the bchavioui ol socuil insects is in- 
stinctive 11 a beehive is moved, the bees return tirst to the 
oiigmal spot, but when, alteiwaids, thev lind the new location, 
they ‘learn’ the new place 

Instinctive behaviour is superior to I'xuned behaviour for 
animals, such as the insects, which live only a lew days, weeks, 
or months, and can ill all out to spend time learning how to 
catch prey, eat, build a shellei, and lav eggs lale is short, and 
there are many things to do On the othei hand, leainecl bchav lour 
has distinct advantages loi animals which live a long time and 
have parental care and tiainmg The human inlant is helpless 
and would die if leli without care V'ears of training arc a 
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necessary preparation for an independent life in human society. 
However, men can learn new kinds of behaviour and solve 
new kinds of problems throughout life, whereas the arthropod 
IS more or less limited to the original set of instinctive reactions 

Throuom the animal gioups we have seen many succesijve 
leveh of structural dijlcrcntmtion. Specuilization within single 
cells, among cells, among tissues, and among organs we saw 
respamvely in protozoans, sponges, coclcntcratcs, and flat- 
worms The beginnings of segmental specialization wcie already 
apparent m annelids Division of labour among different 
individuals and among the several stages in the lile-history 
occurred in coclentcrates All of these specializations reach 
their extremes in the arthropods, which icpiesenl the peak of 
mvertcbiate evolution 




CliAPlt i< 2^ 

The Lobster and other Arthropods 

Till appendices ol \erlcbratcs arc four in niiinbci . and though 
they sho\s a \anety ol structure in adaptation to dilTcrcnt 
methods ol locomotion and to additional services which they 
mav perfoim, such as digging or holding prev, thev are primarily 
kxiomotorv - with the notable exception ol the lore limbs of 
man The append.igcs ol aithropods, however, are greater and 
more variable in number, and some ol them have no locomotory 
I unction, but seive as sense oigans, lavvs. mating organs, or 
respiratory structuies riirthei, m contrast to the versatile limbs 
of vertebrates, arthropod appendages are often specialized for 
a single lunction 1 hus, to describe the appendages o( an arthro- 
pod IS to tell almost cverv thing about the habits of the animal 
where it lives, how it moves, and how it feeds 
Primitively, arthropods had along the whole length of the 
body a series of simple, flattened appcndage.s which were all 
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alike Each served several functions locomotory, food collecting, 
respiratory, and perhaps also sensory' Such a condition is found 
in no living arthropod, but something very much like it is seen 
in the extinct tnlobites (chap 27) Among living arthropods 
the closest appioach to this occurs in certain crustaceans, the 
fairy shrimps, which have a specialization of appentiages on 
the head and a loss of appendages on the posterior legion. but 
have on the trunk region a series of similar llatlencd appendages 
for swimming, food-collecting, and respiration At the other 
extreme is an insect like the honeybee, in which every pair ol 
appendages on the body is different To bridge the gap Petween 
the fairy shrimp and the honeybee would be difficult if it were 
not that among the other arthropods we find almost every 
intermediate stage The lobster, for example, has a pair of 
appendages on almost every segment Those on the abdomen 
arc simple swimming Haps which are almost *ill alike, but those 
ol the head and thorax are highlv diversified in structure and 
function burthcr, in the development ol the lobster embryo 
even the appendages of head and thorax appear first as simple, 
similar structures which only gradually become speci.ih/cd and 
dillercntiated from each other Thus, by tracing the develop- 
ment of the lobster appendages and homologi/ing the different 
parts ol each, we aie belter <ible to understand flow a simple, 
flattened sw'imming oar car, by gradual changes, become a 
chewing jaw or a sensory antenna 

Tiir I oirsii K 

Apart from minor details, the lobster is so much like its ficsh- 
water kin, the crayfish, that the description ol the lobster applies, 
in general, to both animals 

The body of the lobster consists of twenty-one segments (or 
ic.ss, if certain segments which lack segmental appendages are 
not counted) The first fourteen are united into a large ( rniiALO- 
THORAX, which repicsents the combined head and thorax The 
fusion IS complete dorsally and at the sides, but the segmentation 
can still be recognized on the ventral surface The AirooMtN 
consists of seven distinct segments, w'hich are clcarlv marked 
externally 

The cuticle, secreted by the undei lying epidermis, covers cverv 
part of the body, forming a )ointcd txoskrLi-TON which is made 
particularly hard by an inhltiatiQn with calcium salts The 
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cuticle also furnishes some internal support to the cephalothorax 
by means of thin plates of cuticle secreted by infoldings of the 
epidermis These plates increase the area for the attachment 
of muscles, and they protect impoitant organs Over the dorsal 
surface and sides of the cephalothorax the calcilied cuticle 
forms a single large shield, the carapace Over the abdomen 
It IS folded between segments, allowing lor flexibility 
The iiAsi MODinii) applndac.fs arc those of the abdomen 
Each consists of a fmal piece (protopoditc), w’hich bears at its 
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Iree end an iiuiei huiiuh (cxopoditc) and an innei bramh 
(endopodite) The numbers ol loints m the three pieces may 
\ary. but the basic plan of this two-bianchcd (biramous) 
appendage is thought to be the fundamental plan of all crus- 
tacean appendages, and we Imd it thioughout the gioup, both 
in highly speciali/ed adults and m the simplest la'^cas In the 
lobster the two-braiKhcd plan is obscuied in the appcndtge, 
of head and ihoras bv the presence ol additional lobes or 
extensions on the basal piece or by the ab^ence ol the outer 
branch In the lobslei embryo, howexcr, all the appendages 
aiise as simple two-biaiicheil structiiies (See figiiie on p 290 ) 
The head ol the lobster is fused with the thorax, but its 
component segments have been determined from cuieful studies 
of the embryology ol appendages and other structures, especially 
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flic n:rvous system As in all arthropods, there arc six segments 
On the first there is a pair of compound Evrs set on the ends 
of jointed, movable stalks These arc not serially homologous 
with the other appendages, since they arise in a ddfeient way 
The second segment bears the riRsi aniinnas, sensory structures 
which ha\c two tilaments (While the antennas themselves are 
serially homologous with the rest of the appendages, their 
tw'O-branchcd condition js not I or m the lobster embryo the 
first antennas remain single until long after the other appendages 
have become two-branched, .ind even when the kirva emerges 
from the egg the inner lilamcnt is represented by onlv a small 
hud Irom the base of what finally becomes the outer tilamcnl ) 
The sh( oND AM'iNNAs, locvitcd Oil thc third segment, have onlv 
one long filament, this is scnallv homologous with the inner 
branches of other appendages and the outer branch is repre- 
sented h\ a scalelike process (1 rom this point on onlv thc 
location <ind !uni.tion o! the appendages will be mentioned 
All are paired and <ire scnallv homologous with each other, 
some bear extra piocesscs oi lack the outer branch, as can lx 
seen in the diagram ol thc .ippendages ) The foiiith head 
segment hears toothed jaws (mtindiblcs) for ciiishiim (he tood 
On thc filth and sixth segments are the iirsi and skond 
MAMLLAS, which pass food on to the mouth Tlie second maxilla 
IS a thin, lolxd plate and is chielly respiratorv, serving as a 
‘bailer’ for dio ing water out o( the respiiatorv cavitv 
The iiioRW has a pair of appendages on cveiv segment The 
first three bear thc iirst, sfiond, and iiiird maxiliipids 
These are somewhat sensoiv but seivc chieHy (o handle food, 
mincing it fust and (hen passing if on to the mouth Only thc 
third is povvciiul enough lo do much leal chewing ot the food, 
unless il is soft In each the basal piece beats a thin llap (cpipo- 
ditcj, to which, on the second and ihiid niaxillipeds, is attached 
a gill Thc flaps sepaiate and protect the gills The loiiith 
thoracic segment beais the laigc claws or pim.iiin(, lk.s (ciicli- 
peds), used both m olleiKc and dclcixe The next four segments 
have each a pan o! wxlkini. ik.s All live pairs ol legs have 
attached to (heir bases a gill-sqMratoi and a gill Thc walking 
movements oi the legs move the gills and stir up the water in 
the respiratory cavity under thc cai apace 1 he pinching legs arc 
not symmetrical in lobsters over 1^ inches long In the smallest 
lobsters both of them are slender and have sharp teeth, but us 
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Ai’PiNDAOES <)( ilic Idbsirr show .1 in.iiktd division of hibour Some have extra lobes 
or oilier processes, and some I.ilL the outci hr.in>.li bill they all can be reduced to a 
common basic plan 1 he irmer braiu h’s arc stippled the outer hrwu hrt are shaded with 
diagonal lines, and the bii\al pwie and its processes arc left unshaded 
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Ihc animal grows, they gradually differentiate One becomes 
larger than the other, and its teeth fuse into rounded tubercles; 
it IS used lor crushing The other remains smaller and more 
slender, the teeth become still sharper, and it is used especially 
for seizing and tearing the prey The first two pairs o( walking 
legs also have small pincers which aid in sei/mg prey The last 
pair of walking legs aie used also lor cleaning the abdominal 
appendages 

The ABDOMiN has a pair ol appendages on every segment 
except the last Those on the hrst ahdominal segment aie 
iliffeieiU m the (wo sexes In the male they are modified to 
lorm a troughlike structure used lor transleriing sperms in the 
mating process In the lemalc they aic much reduced The next 
four segments all bear similar two-bianchcd appendages, the 
swiMMrRETs, which function m lorward swimming and in the 
female seive as a place ol attachment loi the eggs The sixth 
abdominal appendages are the ukopods, which resemble modified 
and enlarged swimmcreis Together with the llattened last 
abdominal segment, the illson, they form a tail-laii, used in 
backward swimming 

The appendages ol the lobsiei have been stiessed lor a 
number ol reasons 7hev liiimsh a sinking example of spcciah- 
zanon anioiijz apin s of diflcient segments and, in the case 
of the laigc pinceis, between the light and left sides ol the same 
segment While the flattened, lwo-bi<iiiched swimmeiets aie not 
\erv dilferent fiom the appendages ol (he h\ pothelical aithropod 
anccstial t\p_, on the sanu .miinal we find such speciali/ed 
appendages as the iaw\ which have a eounterpart even in the 
most advaiutd insects In the development ol the lobstci 
appendages we see how a series ol ongmallv similar parts van 
become graduallv dillc''vniiated into highiv spvv.ali/cd and 
dissimilai siiiictures which though no longer analogous, aii 
still homologous 

The internal parts ot the lohslci with which some ol ils am 
familiar aie the huge (and vviv vdible) aiHhminal mosclis 
These aie segmeiuallv arianged and inelude miisvles ka moving 
the swimmeiets, exiensoi musvks loi stiaightemng the abdomen, 
and much laigei tlexor miiseles wIiilIi luiiush the maior souice 
of power loi loeomolion For lapid movement the lobster flexes 
the abdomen ventially and with such lorce that the whole animal 
shoots backwaids thioiigh the water In the ccphalothorax 
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aie numerous muscles for moving the appendages and certain 
organs Most of the muscles of the lohslei aie ol (he striated 
type, characteristic of aithiopods and vertebrates striated 
MUSCLES contract very lapidly and aic thcicfore well suited 
for moving the body and appendages Both aithiopods and 
vertebrates have unstiiatetl muscles foi oigans such as the 
digestive tube and blood vessels, which undergo slow, iliythmic 
conliactions [ owei inveitebiates possess the sjowei, iinstriated 
type 

The DiGLSTiVT svsiiM ol the lobslci consists oi lliiee mam 



live-. Ill i.kh stgiiKiil Of till, ‘.vskni, iL|'rcM.nlCLi Iru, oiih Ur iRumis ssskm is 
ikarK scgincnUil Si. l:iiriiI,iI hloud scsstK nl Ur .iIhIdiirii (hiiiiilJ Irk ,ik vluiwn in 
till duicr.iin ol Ur lii iil ilor\ ^ssle;ll (B.iriJ pirlU on Ik'iisk ) 

regions, ol which onlv the middle one has an cndodcrmal 
lining I he anteiior and posterioi ends develop as tubular 
ingiowths ('I the eclodermal epithelium and so become lined 
with a cuticle which is continuous with the evoskcleton and is 
shed when the animal moults Lobsteis aie scaveiigeis, but they 
also catch live lish and tiig lot clams, and ihev have been seen 
to attack huge gastiopods bieakmg olT the heavy shell, piece 
by piece, to obt.im the solt inner parts The lood is shredded 
by the masillipcds and maxillas and then lurthcr ciushed by 
the jaws before it entcis the mouth As it this were not enough, 
part of the stomach is specialized as a giz/aid, which is lined 
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With hard cliitinom teeth and worked by numerous sets of 
muscles. In the stomach the food is pulverized, strained and 
sorted The smallest particles are sent m a fluid stream to the 
large digestive glands (or digestion and absorption, larger 
particles go m a steady cm rent to the intestine, and the coarsest 
particles arc returned to the grinding mechanism 



The anterior poition of the stomach is large and bulbous and server 
chicfiv for storage fhe posterior part is mainly tor sorting and strain- 
ing between the two lies the grinding region, which leduses the food 
to minute particles Since these arc readilv digested in the tubules ol the 
digestive glands, the work of the intestine is less important than in the 
earlhw’orm This explains how a large animal like the lobster can get 
along with such a short uncoiled intestine 
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The extensive respiratory surface needed to supply the demands 
of a large and active animal like the lobster is furnished by 
twenty pairs of oills. leathery expansions of the body wall, 
which arc filled with blood channels The gills are attached to 
the bases of the legs, the membranes between the legs, and the 
wall of the thorax Thc\ lie on each side of the bod\ in a cavity 
enclosed by the cuiving sides of the carapace Water enters the 
cavitN' undei the free edges of the caiapacc, passes upward and 
lorward ovei the gills, and is directed out anteriorly in a current 
maintained bv the llattcned plates of the second maxillas 



( IRCULAIDRV M t>l lilt i<'listt:, sluiwiiig the main hkuid channels Blood reiurning 
Irism tiu iissui- jidc' llinniKh llit gills btliirt rcluriiiiig to the heart (Modified afler 
tngenbaur ) 

The ( iKcui ATORY SYSTFM IS an OPEN one The muscular heart 
lies do’sdlK m a chambei lillcd with blood In the sides of the 
heait ate thicc pans ol openings through which blood from the 
ihamber cniers the rclascd hca:i When the heart contracts, 
\al\cs piLvent the blood liom gomg out the openings, instead, 
It IS driven into arteries which go to the tissues of the body. 
The smallest blanches o< (he arteries open not into veins, but 
into blood caxitiLs in tlw tissues called siNUsrs Blood returning 
from the tissues collects in a large ventral sinus and Irom there 
enters the gills, wheie it gives up carbon dioxide and takes up 
oxygen Then it is returned, through a number of channels, to 
(he large pericardial sinus which surrounds the heart 
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2d Antenna 
Oxcretory pore 


The Single pair of rxcRETORv 
ORGANS, sometimes called the 
,e/rt77 v;laiu!s because of their 
greenish colour, consist each of a 
glandular sac and a coiled tube 
which opens into a musciilai 
bladder Wastes extracted from 
I \( HI i(>K\ (;iu,A> 1)1 tiic 'u tin; blood die pouicd into the' 
bladder and from theie emptied to the outside through a pore 
at the base of the second antenna 
The geneial pattern of the nirvois sssrtM is like that ol 
annelids The huge biain is in the head neai the eves from it 
a pan of connectives pass ventially, one on cithei side of the 
oesophagus, and unite below the digestive tiact u* (otm a double 
ganglion, the first vcntial ganglion, fiom which the double 
nerve coid extends backwards, cniaiging into paiied ganglia in 
almost every segment 

The most conspieuous si\si, orc.ans aie the antennas and 
the compound eyes As the lobstei is most active at night and 
even in the da>time lives at depths wheic theic is not enough 
light for clear vision, the eyes are piobablv secondaiv in im- 
portance to the s(7/vo/ !• hiiMlcs which aie distiibuted all ovei 
the sill lace ol the antennas bodv, and appendages fiom tdtv 
thousand to one hundied thousand ot these bustles occiirnng 
on the pincers and walking legs alone The bustles aie of two 
types - one sensitive tv) toucii, and the othci to chemicals 
Occupying the basal segment ol each lirst antenna is a watcr- 
hlled sac which opens to the outside by a fine pore On the 
floor of the sac is .i ndge of sensory hairs, among w'hich aie 
numerous fine sand grains As <inv movement ol the lobster 
would sway the hairs or cause the sand grams to roll ovei them, 
thts structure is thought to be a balancing organ 


To dcnionstiate the balancing liinction ol this organ in shrimps, one 
iiivesijgalor performed a very ingenious experiment ffe obtained a 
shrimp that had just moulted and thciclorc had no sand giains m the 
sensoi> sac He put the animal in filtered v\ uei and supplied it with 
iron filings The shrimp picked up The filings and placed them in ihe 
sac Then, when the investigatoi held a poweilul electromagnet above 
the animal, it turned over on its back - apparently because the mag- 
netic pull on the iron tilings in the sac was greater than the opposing 
pull of gravity 
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The REPRODUCTIVE SYSTEM COH- 

sists of a pair of ovaries or 
testes, which lie in the dorsal part 
of the body and from which a pair 
ol ducts leads to the external open- 
ings at the bases of the thud legs 
in females, fifth legs in the male 
The sexes can be distinguished by 
(he position of these sex openings 
as vsell as by the siiiictuie ol Ihe 
fust abdominal appendages In the 
sex act the male deposits speims 
neai the lemale poies, and the 
eggs aie feilili/ed as they emeige 
They are fastened, bv .1 siickv sec- 
letion, to the swimmeiets of the 
Icmale.iiui tuekepi wellaeiaicd by 
the nio\ements ol the suimmeiels 
1 lie }OLing lobstei hatches Horn 
the egg as a (lee-suimming i ar\ \ 
and goes thimigh a senes of 
clumges beloie it emucs to le- 
semble the adult 1 he voung ciay- 
iish, like the xoiing ol most liesh- 
watci animals, hatches as a |u\en- 
ile toim which is much like the 
adult except in si/e 

( lU'Sl A( I ANS 

The name C lustacea was oiigin- 
ally Used to designate an animal 
hasing a haul but flexible ‘cttist', 
as contiasted with one having 
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niii (i| liisut. aroiinJ the ocboplidgus 
diiC a vtiiiial, (Knitilc, ganglionated 


lid 

a haul but buttle shell like that ol ovsteis or clams Since 
neaily all arthropods have a hard llexible cxoskeleton, we now 
use more distinctive criteria lor assigning an animal to the class 
( RUsiAi EX, of which the lobster is a member Crustaceans may 
be roughly distinguished as arthropods w'hich breathe by means 
of gills and have two pairs of antennas The lobsters and crabs 
arc giants among crustaceans, most kinds are small animals, 
under half an inch in length 
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Although the most primitive crustaceans, such as certain 
brachiopods, now live in fresh water, the earliest crustaceans 
certainly lived in sah water, and the class is still predominant! v 
marine This is not surprising when we consider that the crus 
taceans as a group aie the most pnmitive living arthropods. 



buds, and (he larv,i swims about a! the siirtace bv iht. U''siiik of the iLuiened 

fringed outer brjOLlits of the limbs the foii.lh l.uval stj^t ol (lit lobslcr is 

about i inch long and resembles a miiuaturt lobster 1 d • the first st,igc it ssvirns ,ii (he 
surface, feeding on small orgmisms but lorward swimnunK ts bs me.ins ol tin swim- 
mercts The uuler branches nt the legs are reduced and no longsi sisihlt, the innei 
brandies are didLrciUiated, thougb right and left large slasvs an .till Mi.ilai tAItti 
Herrick ) 


and that the ocean, being the easiest place to live in, requires 
the fewest adjustments on the pait of its inhabitants Because 
of their tremendous volume, the seas provide rclatneiy constant 
salt content, oxygen content, and temperature throughout the 
year The salt concentration of animal tissues is much closer 
to that of sea water than to fresh water Besides, sea water is 
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buoyant, offering greater support Crustaceans arc so abundant 
in the ocean that they have been called ‘the insects, of the sea', 
and there is haidly any way of life in the sea not followed by 
some member of this diversihed class 
Among the most highlv modified crustaceans are the bar'- 
NACLRS, sessile marine animals which live attached to rocks, 
wooden pilings, ships, and the bodies of many animals T1 you 
are surprised to find them among the arthropods, you are like 
most laymen, who assume them to be molluscs because of their 
thick calcareous shells Larly zoologists, too, classilicd them 
with the molluscs until their true rclations'mps were discovered 
through a studv of their development I'he young laiva which 
hatches from the egg is Irce-swimming In the possession of 
three pairs ol appendages and in other cffiracters it resembles 
the NMU’iiis iakva, chaiacleiistic 
ol ciiistaceans After swimming 
;ibout foi a time, it undeigoes 
ehanges and then settles on some 
solid (tbiect. becoming .itlaehcd by 
the head end In spite ol then evtiemc 
modil leal ions, adult bainatles can 
be lecogni/ed as arthiopods by their 
chitinous lointed appendages, which 
arc two-branched, as in othei crust- 
aceans, and aie heavily lunged with 
hustles 7 he appendages aie thiust 
out of the shell and sweep thioiigh 
the water like a casting net, entrap- 
ping small animals and oiganic iiag- 
rnenls W ith lew cxecptions bainaeles 
aie lieimapliioditic , and as in 



many other groups ol amm<ils, this is 
thought to be associated with then 
sessile life, which pievents contacts 
between individuals Anothei curious 
marine ciustaccan closelv related to 


'.iiij.li iikdiin CM, l^ ahuut l/iO 
iikIi and IS Ilk niofei tamiliar 
Irtsh-w.itcr copepod Mature 
Rniiiks iisu.ills ha\L two group"! 
of eggs itiiiLlkil to the Ikkiy 
MosI rikiiilici ^ or the order Cope- 
poda arc rnaiine L’ut licsli-vsatcr 


the barnacles is SMciilina, which has ^^‘ixpods a,c vciv abunJum and 

1 r I 1“’'” iiiipoitani part ot Ihe 

a Iree-swimming nauplms but in the ,ood oi i.shes Tins lood rc- 


adult stage fastens on to a crah and 
sends lootlike piocesses into every 
part of the host's body, parasitizing 


lulionslnp IS reversed in the case 
or (he lish-lioe’, uipepods which 
parasiii/e lish (Modilied aftei 
Herrick. ) 
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It SC) completely as sciiously to alTcct its whole physiology and 
arrest its growth 

The ciListaueans have done almost as w'cll in ficsh water w'hen 
we consider that this medium is a more dilhcult one for all 
groups of animals and that, compaied with the ocean, which is 
sometimes described as a ‘thick soup' because ol the abundance 
of Its animal life, ficsh water hardly claims the title ol thin 
lemonade’ To invade the iivcis that connect diiectly with the 
ocean, a crustacean not only must become adjusted to the 
ioweted salt content but must be able to maintain itself against 
the downsticam cuiicnt This is ned so dilhcult loi the adults 
but their small *ind Iragile laivas aic casils swept downsticam 
and back into the ocean No doubt this Inis been a lactoi in 
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ol srn.ill (Dipliiii.i k ihoiii I Id 

inth loiii;, hut iin>sl loiiiis .111. sniiilli.)) v\hii.h 
liiHi. ,1 Lornp.iul hods I'licn i.nvl(K(.d in ,1 
hi\.il\'i.d L.iiap.iti. llii.' '.uini li\ ripid 
icrks ol Ilk l.iri'L luo-hinklkd su otkl 
iniLim.is (Modilitd ,ili(.r lictikl > 
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pievcntmg some inveitehiate gioups horn cvci establishing 
themselves in Iresh watei 'I he ones that aie successlul usuallv 
suppress the fice-swimming laival stages, and the voting h.itch 
as miniature adults Tiirthei, bodies ol liesh water arc suhicct 
to violent lluclLiations ol lempeiaiuie, .md small ponds div 
completely in the summer and lieeze solui in the wintei C lus- 
taecans have become adapted to then' rigoious conditions bv 
the development ol thick -shelled eggs v'hich icmsI diving anti 
fice/mg 

Adaptation to /n;rt/life is a still moie dilhcult step Tempeiatuie 
fluetuatmns aie even moiecxtieme, diymg is a constant thicai, 
and biealhing mechanisms must be atlapled to an lespiration 
A lew crustaceans, some crabs and ‘wood lice’, are faiifv 
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successful on land - but only because they a\oid certain problems 
by living in moist places For truly successful land forms we 
must look to the other classes of arthropods 

ARAC HNIDS 

The class ^RA(HN1D\ includes the spiders, scoipions, miles and 
licks, haivcstmen ('dadd\ longlcgs’), and a lew mmoi groups 
No other class of animals is less loved bv most people There 
is some basis for this d.slikc, in that scoipions and some spiders 
can inject a poison which pioduccs painful, though usually not 
serious, results in man, some niites aic parasites m human 
skin, and some ticks suck human blood and spiead disease 
But relatively lew people in large cities have cvei had a single 
unpleasant experience with an arachnid The sinister leputation 
ol a gioup like the spiders, which do little haim and some good 
(by killing insects undesirable to man), is based on nothing 
more than a vague fear of animals which have long legs, run 
rapidly, live in dark places, and catch their prey m webs or 
other traps 

Hardlv any dcscnption will In all the oiders, hut, m general, 
arachnids are terrestrial arthiopods which have the body divided 
into two mam regions a ( i phai oiiiorax bearing six pairs ol 
appendages, ol which lour ol the pairs are walking legs, and an 
ABDOMEN which has no locomotory appendages, though it may 
have some othci kind The ioiu pain of wallanp A'gv usuallv 
serve as a convenient, il superlicial, way o( distinguishing 
arachnids from injects, which have on'v thiee pairs Hut the 
ditTcicnee between the groups is much more deep-seated 
Aiachnids ddLi Irom crustaceans and insects m having no coni- 
poiiml oviy only simple ones And they are even moic clcatlv 
marked olT Irom crustaceans, centipedes, millipedes, and insects 
by the nature of the segmental appendages on the head Arach- 
nids have III) aitieiinas, the limction ol these oigans being served 
by an abundance ot sensoiy bustles oi 'hairs' with which the 
body and paiticulaily the appendages are coveted Also, they 
have no imc jaws honudogous with those ol ciustaccans and 
most other arthiopods None of the arachnid appendages are 
completely speci.ili/ed lor chewing, but on the basal segments 
of one OI moie ol them are sharp biting processes Many 
primitive arthropods iiavc such chewing processes on the bases 
of the appendages, and it is thought that from such structures 
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came the more specialized jaws of crustaceans oi insects. In 
front of the mouth (on the third segment) arachnids have a pair 
of CHtLicfcR^s, appendages which may take the form of pincers 
or of sharp, langlike claws Behind the mouth (on the fourth 
segment) is a pair of tedipalps, leglike appendages that serve 
a sensory function, as in spiders, or are used for seizing prey, 
as in scorpions Among the various arachnids either the cheliccras 
or the pcdipalps are the important weapons of ollencc, bui 
never both in the same animal 

The spiders arc by lar the largest and most widely distiibutcd 
order of arachnids A generalized description of a spider, though 
applying in many respects only to this one group, will giv^ some 
turther idea of arachnid structure and habit 

In a SPiDiK the ccphalolhoras is covered by a shield, the 
carapace, on which aie set the simple eyes, usually eight in 
number The cheliccras are sharp and pointed and are used 
for capturing and then paralyzing the prey by miating a poison 
Ducts fiom a pair of poison glands lead through the cheliccras 
and open near their perloratcd tips The pcdipalps look like 
legs but are sensory, and their basal joints have jaw like processes 
which hold and compress the prey In the male the pcdipalps 
are modilicd for transleinng the sixirms to the female The 
four pairs of walking legs end in curved claws The abdomen 
shows no external evidence ol segmentation and has no appen- 
dages except the spinnerets, ol which there are usually three 
pairs The spinnerets are tingcr-likc organs which have at their 
tips a batteiy ol minute spinning tubes (sometimes a bundled 
or more on each spinneret), from which the fluid silk issues and 
then hardens as il comes in contact with the air The spuming 
tubes connect with several kinds ol silk glands which produce 
difl'erent kinds of silk for spuming various parts of the web, 
making a piolective cocoon lor the eggs, binding the prey, etc 
Some of the tubes pi oducc not silk but a sticky fluid which makes 
the threads ol the web adhesive 

When an insect or other small animal becomes cnianglcd in 
the web, the spider ajTpaicntly feels the tugging, for it hurries 
to the scene, seizes the struggling animal, and, holding it between 
the jaw like processes on the pcdipalps, injects a poison If the 
prey is large and formidable, the spider may use a more indirect 
method, first binding its victim with silk. The mouth of the spider 
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IS too small to shallow solid lood, instead, the animal miects a 
digestive fluid through the wound made by the bile of the 
thehceras The predigested, liquefied tissues ol the prey arc then 
sucked up by means ot a muscular sitkini. siomai n (aided by 
the squeezing action ot the pcdipalps and the sucking action ol 
the pharynx) Beyond the sucking stomach the digestne tract 
gi\es ofl scxeral pairs ol pouches, which increase the digestive 
and absoiptivc surface, and a laige OKasrivi, (.iand, which 
branches extensively and occupies most ol the spider s abdomen 
I his gland is the main oigan ol digestion and is capable ol 
taking up verv large quantities ol lood at one time stoiing it, 
and then gradually absorbing it This enables sp.dcis to go for 
long periods without taking lood (though they must have water 
qmte olten) 

The circu'aiorv system is open, as in olhei ariliiopods The 
licart lies doisally in a l.uge sinus and Kveives blood through 
opv.nings in Us sides The cxcrctoiv system as in most olhci 
aiThiopods. consists o( tubules whish open into the inkstine 
In manv spiders (here are also c'cretorv sacs which open near 
the bases of (he legs The icspiratoiv organs ate ol two types 
The LUNC. itooK IS an air-(illed sac wIikIi communicates with 
the cxleinal an through a slithkc opening Attvichcd to the walls 
ot the sac IS a scries of Icalhke lolds ol the bodv wall These 
‘leaves’, which have suggested the name ol the oigan, are held 
apart by supports so that air can ciiciiiate licelv between them 
I he spaces vvith.n the leaves are tillci! with bhanl and com- 
municate with the blood sinuses of (he abdomen Thus the leav'cs 
of the lung book are simply another devae lor ce posing a huge 
amount of respiraloiv surface to the an The aik nuns ot 
spiders receive an through openmgs on the abdomen and convey 
It to (he tissues The smallest tubes Lisiiallv do nol branch 
extensively, as in insects The air tubes aie not thourhi to be 
homologous in the (wo gioups for arachnids and insects 
probably did not h.ivc a common aiKcstor which lived on land 
Some spiders have only lung books, and some h.uc only air 
lubes, but most have one pair ol lung books and one pair of 
openings to air tubes 


KIN(. C RAIIS 

The king crabs are nol crabs at all but primitive marine arthro- 
pods, the only living representatives of the class pai.iosikac ha 
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There arc five iivmg species of 
king crabs, all of them usually 
placed 111 the single genus Limu- 
Ins These animals are often re- 
feiied to as 'living fossils' because 
thev have changed so little from 
the eaihest fossil icprcsentatocs 
of the group No one can sa> with 
any ccitainty why they have been 
able, with no 'modem improve- 
ments', to survive in competition 
with more highly developed atjiia- 
tic aithiopods Pci haps their suc- 
cess lesults fiom a combination of 
unobtiLisive habits and a heavv 
hoodlikc carapace vsliich forms a 
complete lool over the bodv and all the appendages 
King crabs live in shallow water along sandy or muddy 
shores They can swim through the water by Happing the 
appendages on the abdomen, but spend most o( the time 
burrowing in the sand or mud for the worm^ and molluscs on 
which thev teed 

Apart liom their interest as aichaic lorms, the king crabs 
have attracted attention because they arc dearly related to 
arachnids and, though somewhat specialized, give us some idea 
of what the ancestral aquatic arachnid mav have been like 
The king crabs arc, m fact, often classiticd as one ot the orders 
of the class Arachnida, their chief ditferences being associated 
with then aquatic life Attached to the flattened abdominal 
appendages arc the gill books, groups of thin plates in v\hich 
blood circulates, they are so similai in plan to the lung books 
ot leiiestiial aiachnids as to suggest stionglv that some soit of 
gill book was the foreiuniicr of the lung book As in arachnids, 
the body is divided into ccphalothorax and abdomen, and the 
thoiax has si\ pairs of appcntLiges, ol which the first is a pan 
of pinching chcliccias and the oihci live pans aic walking legs 
The first lour pans of walking legs have on their bases spiny 
processes for masticating the lood 
The eggs hatch into frce-swimming larvas which lack the long 
tail of the adult 




THE [OBSILR AND OTHER ARTHROPODS 


297 




The frLi-svvinimmg 1 Aiiv \ ()i I I cli tiorsjl \ie\^ rr'li! \rnUcil\ic\v (Aficr 

Kingskv I 


( I M IPIDf S 

Thl centipedes ( hundred-legged') form the class chilopoda 
The members arc land arthropods which are Hattened dorso- 
venlrally and have a distinct head, I'ollowcd by numerous similar 
luidy segments 'I'he appendages of the first body segment 
(seventh segment of the animal) are modihed as a pair ol poison 
(LAWS These have perforated tips thiough which a poisonous 
secretion, from a pair of glands, can be iniected into the prey 
Lach ol the other body segments, except the last two, has a 
pail of w'alking legs Some centipedes have as many as one 
hundred and seventv-three pairs of legs, and otheis have only 
til teen, but thiit\-live is probably an average number The 
animals run very rapidly, and the numerous legs apparently 
woik in perlect co-ordination 

The head, as in all arthropods, has six segments, the appen- 
dages of which are homologous with those ol a lobster or insect 
but lesemble moie closely those ol an insect There is a single 
pan of antennas, the lavvs have no sensory process or palp, 
the fust maxillas have two lobes, and the second maxillas arc 
usually lused together, as in insects Thcie are two groups of 
simple eyes on (he head, but other parts ol the bodv must be 
sensitive to light, for some centipedes react negatively to a 
bright light when the eyes arc completely coveied with heavy 
paint 

In other respects they are much like insects (described in 
chap 24) I’he digestive tract is a straight, simple tube The 
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excretory system consists ol tubules opening into the hind 
ponion of the gut Oxygen is supplied to the tissues through 
branched air tubes which lead fiom a pair ol openings in every 
segment The circulatory system is slightly more elaborate than 
in insects, having a pair of arteries to everv segment 

Lithohms, a common cent'pede, lays its eggs in the ground 
The young hatch with only seven segments, and the rest arc 
added later During {uowth the animal sheds its cxoskclcton 
trequcntly 

(enlipcdcs are lotind in moist situations under the bark of 
decaying logs and undei stones They aie carnivorous, feeding 
upon soli insccis such *is cockroaches, plant lice, and silvertish, 
thc> also cal eaithwoims and slugs fhev hunt oiilv in the dark 
and are probably guided in (heii movements mostly by touch, 
to which thev arc \cr\ sensitive They .sclilom come to rest 
unless the bodv is in contaLl with sonic solid obicet on at least 
two sides 'fhis is .ulaptivc since it keeps these animals under 
cover, where thiy aie sate (loin enemies and from drying 

Though tcircstnal, such a centipede as Luhohms can survive 
many houts compictelv immeised in vvatei, but will die in a few 
hours in an uncneicd dish ol div eaith That their habit ol 
keeping under cover is a positive reaction to contact as well 
as a negative response to hght (which ccntipecics avoid when 
possible) can be ‘•hown bv a simple experiment A Lifhohius 
placed in a glass dish wdl run about ceaselessly, hut it some 
nairow, tianspaieni g>as-> tubing is placed in the dish, the 
animal will soon coriiL to test in the tubing, which allords a 
maximum of contact with the surface of the centipede 

Mil 1 IIM 1)1 s 

The name millipede means ‘thousand-legged', and though this 
IS a gross cxagger.ition millipedes do have very large numbers 
of legs - in fact, twice as manv as a centipede ol about the same 
length, since there are two pans to each adult abdominal seg- 
ment The technical name ol the gtoup is class dipioi'oda, 
which refers to (he donhlc-lcugecl situ.ition A millipede embryo 
has only one pair ol legs to everv hod\ segment, each innervated 
by a .segmental ganitlion fn the adult (he first four (thoracic) 
segments icmain single, hut the other (abdominal) segments fuse 
in pairs, so that each adult ring represents two embryonic 
segments and has two pans of legs 
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The head has six segments wath the same appendages as in 
centipedes except that the fiist maxillas, which appear in the 
embryo, do not persist to the adult stage The eyes superficially 
lescmble compound eyes, but each is only a clump of many 
simple eyes set closely together The internal anatomy resembles 
that of centipedes 

In contrast to the centipedes, which arc all carnivorous, most 
millipedes aie herbooious, and in spite of their larger numbci 
ol legs run much more slowly 




CHAPFE R 24 

The Grasshopper and other Insects 

Motorimi acioss the hot. tliy, desoLitc rogums o( the Western 
USA, one is surpiised not h\ the scarcity of human beings hut 
by the tact that anyone at all should choose to live in tiie Mi'iave 
Desert, when life is much more pleasant in Uos Angeles, only 
a short distance awav 'I he answer is that men, like all animals, 
compete with the other membcis ol then species Im food and 
shelter And since the most desirable regions are usually lilLd 
to capacity, those individuals who can adapt themselves to the 
conditions of the less favourable places have the advantage oi 
a relatively uncxploitcd envnonment 
The most successful animal gioups are those m which the 
members do not all live in one legion m compeiition with one 
another but have spread out to cveiy coiner of the world that 
wiU support their mode of life The problems of why particular 
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animals live where they do, how they reached there from the 
places where they lirst evolved, and whv they do not occupy 
certain other regions which appeal to be suitable for them, 
belong to a major subdivision ol biology which wc call animal 
^co^iaphv and which we cannot adequately consider here VVe 
can onlv mention, m passing, that arthropods, nioie than any 
other gioup ol higher animals, .ire wiDin nisiRiiunru They 
occur in all seas, in all bodies ol fresh water, and in every land 
habitat Of the many laclois that make lor wide distribution, 
one of the most impoitanl is small si/e, and arthropods are 
inostlv small animals which can be carried fiom one place to 
another b\ water currents, bv the wind on lloating debris, and 
on the bodies ol other animals 1 qually impoitani is mobility, 
and of all a^thropod^, the most widely disti'buted are the 
winged insects, some ol which are not stopped in then migrations 
even by barrieis such as nKuintains or laige bodies ol water 
base ol distribution is by no means the secret o( insect success 
For there is little advantage to animals m moving to new places 
if they cannot adapt themselves to the conditioiG ol life there 
Sinee the insect body plan does lend itsell rcadilv to structui'al 
s[x;ciali/alion for almost any mode ol lile, insecTs have been 
able to spread from their original centies ol distiibution and 
are now the dominant inveiiebrates ol tropical ram loi'est, 
temperate lorest, prairie, plain, desert, and tundra But ^ven 
this is not enough If all the insects in an oak wvrod weie 
grass-eateis, thev would be competing with one .mother for the 
limited amount o! grass .ivailable Instead, tirev show such a 
diversity ol habits that tlKv ocLiipv eveiv hkIic and, m so 
doing, tap eveiv souilc ol entigv available m that community 
In the oak woods wc would lind insects living as predacious 
carnivores, heibivoies, suckcis ol plant luiccs. suckers ol verte- 
brate blood piiilcn-gatheieis, nectai-iMthciers, scavengers, 
pai.isites ol plants, and paiasitcs ol animals 1 ven within each 
ol these m.iioi catevoiies thev do not all compete with one 
anothei Seme heibivoies eat m.iss, some leaves ol tiees, some 
woody stems Among le.il-e.iieis, some mav speciali/e on paili- 
ciilai species ol plants Among wood-cMleis, some cat baik. 
some sapwr'od, <md otheis only decaved wood Ol this last 
gioiip, some aie limited to wood in a paiticulai stage ol 
decay 

Thus wc sec that animals meet competition either by excelling 
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ihcir neighbours m one of the more typiai! modes of life, by 
becoming adapted to a relatively unexploitcd environment, or 
by becoming specialized to exploit some source o! energy not 
available to the other members of a crowded community This 
tendency of animals to spread out into every available niche in 
any habitat is called adxptivl radiation A lew' ol the lower 
phyla, in which the simple body plan docs not allow radical 
modifications, show practically no nidiation and are limited to 
a single way of life For example, all sponges are sessile forms 



Did^T.ini dI'j 1^ I K M iNsi ( r Most insccu Imm. kwer.ilKk'tiim.iisegniBiiM 
OV.IIIK lo lo^s or hiMcitt ill the posicrutr ciul (After Snodgrass i 

w'hich leed by drawing through the body a current ol watei 
from which they strain microscvspic particles, all bryo/oans and 
all brachiopods aie attached lorms which feed ny ciliary currents 
But this IS not the rule Most phyla, particulailv the higher ones, 
which have complex body plans, show radiation not only within 
the phylum as a whole but also within a single class or even an 
order In categories smaller than this there is little significant 
variation, for while the different genera of a familv mav live in 
widely separated parts of the world, where they do not come 
in competition with one another, usually they hll corresponding 
roles in their communities 
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Some variation within the family does occur, as m the case of the bark- 
beetle family (Scolytidae) This group is composed mostly of wood- 
eaters which excavate tunnels just undei the bark, but some of the 
members dig through the solid wood and then use the tunnels to grow 
fungi, on which they feed This can hardly be classed as adaptive radia- 
tion, by which we imply the penetration of a group into practically all 
the major roles m any region 

Of all animals, arthropods best illustrate adaptive radiation. 
It IS clearly shown among crustaceans, but is earned to the 
greatest e\ti ernes in the insi.c is The name ‘insect’ comes (rom a 
Latin word meaning ‘incised’ and refers to the tact that insects 
generally have a sharp division between the head and thorax and 
between the thorax and abdomen The head ol the adult insect is 
all in one piece, but the six segments can be seen in the embryo, 
and some of them arc indicated in the .idult by the paired 
appendages The thorax, which has undergone less specializa- 
tion and fusion than the head, has three segments, each bearing 
a pair of appendages, usually walking legs The second and third 
thoracic segments each bear a pair of wings (except in certain 
primitive .md degenerate forms) The abdomen is the least 
spcciali/cd legion ol insects, being composed of relatively 
simildi segments, generally without appendages, unless we con- 
sider certain structures at the posterior end o( the abdomen to be 
modified segmental appendages The external anatomy ol insects 
vanes so much that it is less satisfactoiy to genciali/e than to 
describe a particular insect such as a grasshopper, which is not 
loo speciali/cd and is therefore usually considered a lairly 
typical representative of its class 

1 HI C.RXSSII()I>I*I k 

T Hr HFAi) ol the giasshoppei has two compound eyes and three 
simple ones (ocelli) The (ompoimd ncs aic similar in structure 
to those of the lobsiei , and while they aic not on stalks, they 
have a bioad lickl (T vision because the} occupy a relatively large 
aica and ciiivi. loimd the sides ol the head TTiey occur on the 
lust head scgmcni. which ha. no segmental appendages The 
second stgment beais a pan ol long jointed sensory antennas, 
homologous to the Inst antennas ('I the lobster The third seg- 
ment beats the iippei lip (labrum), which is not serially homolo- 
gous to the other head appendages but is a secondary growth 
The (ouith has a pair of toothed horny iow\ (mandibles). The 
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fifth IS indicated by a pair ot accessory jaws, or maxiUas, each 
with a jointed sensory palp The sixth bears the lower hp (labium), 
which has on each side a sensory palp The labium of the adult 
appears as a single plate, but in the embrvo it arises as a pair of 
structures which later fuse in the mid-line Thus, each half of the 
labium IS homologous to one of the second maxillas of the 
lobster 

The THORAX IS partly covered dorsallv bv a chitinous shield 
and by the wings, but the three segments, with a pair of legs 



their ,iil.n.hiiiLiits (Aiici SnovIgr.iNi ) 

on each, arc clearly visible at the sides The /eg'- arc composed of a 
characteristic series of joints (as shown in the drawing) and end 
in two curved claws between which is a lleshv pad that aids in 
clinging tosuitaccs Ihc lirst two pans ol leg^ are typical walking 
legs 1 he third is spcciali/cd lor jumping, it ha^ one joint, the 
femur, which contains muscles for jumping, enlarged out of 
proportion to the others The two pom of iw/igt aic dilfcrent 
Irom each other The first is hardened and does not t unction in 
Hying, It serves only as a cover foi the hind wings, which do the 
actual dying The hind wings are quite broad when in flight, but 
when not in use are folded like a fan and fit under the first pair, 



THE GRASSHOPPER AND OTHER INSECTS 305 

This arrangement is a 
specialization, in most 
gcneiali/ed insects the 
two pans of wings are 
more alike and both are 
used in ilight The wings 
aie made of cuticle and 
aie slilfened by thicken- 
ings called \itfn 

The ABDOMFN has no 
appendages except tluwe at the posteiioi end, which arc associ- 
ated with mating and egg-lav mg The abdomen contains much 
ol the machinciy of tlie bodv. since the head is small and the 
thorax is nearlv Idled with the muscles that move the legs and 
w mgs 

The DKiLSiixi TRAC r consists of three parts fore-gut. mid-gut, 
and hind-gut The starts at the mouth, receives a secre- 

tion liom the sahvaiy glands, and luns on .is<i naiiow oesophagus, 
which leads to the c/o/v a large, thin-walled sac in the thorax 
On the inner walls ol the crop are transverse ridges armed with 
lows of spines which probably seive to cut the food into shreds 
The crop is mainlv a storage sac which enables the giasshoppcr to 
eat a large c|uantity at one time and altcrvvaids digest it leisurely 
from the crop the fotxl passes into a musculai g/rcurc/, lined 
with chitmous teeth At the posterior end ol the gizzard is a 
valve, which picvents the food Irom passing into the stomach 
before it is thoioughly gioiind and also prevents lood in the 
stomach from being regurgitated Digestion probably begins 
in the crop, for the food entering that oigan is alieady mixed 
with salivary secretican. and it also receives some digestive 
juices which pass anteriorly liorn the stomach Since the whole 
fore-gut IS lined with cuticle, little, il anv, absorption of food 
occurs there The m/rZ-g///, or stomach, which lies mainly in the 
abdomen, has no cutisiilai lining and scives as the mam organ 
of digestion and absorption Opening into the anterior end of 
the stomach arc six pans of pouches one pouch of each pair 
extends anieiiorly Irom the point of attachment, and the other 
posteriorly These pouches secrete a digestive juice and also aid 
m absorption The iiinction of the stomach with the hind-gut, or 
intestine, is marked by the attachment of long excretory tubules 
The intestine is lined with cuticle It receives the waste materials 
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of digestion and the nitrogenous excretions ol the excretory 
tubules 

The EXCRLTORY sxsTFM consists of a number of tubules (called 
‘Malpighian tubules', from the name of their discovcre'-) which 
lie m the blood sinuses and from the blood extract nitrogenous 
wastes The wastes, m the foim of cryst.ds o( uric acid, arc 
poured into the hind-gui and leave the grasshopper, by way of 
the anus, as dry cxcietions Dry wastes aie characteristic ol 
small land animals, which have a limited supply ol water 
Air for RisRiRAiioN is not distributed bv the circulatory 



system but is piped through branching ///A s (tracheal tubes), 
which form a detinite system ol longitudinal and transverse 
main trunks from which smaller branches ramily to all pails ol 
the body The air lubes lead from paired openings which lie at 
the sides of the abdomen and thorax m the thin membrane 
between segments. The openings, or spuaclcs ol which there arc 
ten pairs, are guarded by hairs to keep out dirt and by a valve 
which can be opened or closed to regulate the flow ol air Their 
closure also aids in decreasing the evaporation of water The air 
tubes are prevented from collapsing by means of spiral thicken- 
ings m their walls They branch freely and become so small 
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(1 micron, or 1/25,000 of an inch, in diameter) that the finest 
ones (air capillaries, or trachcoles) are made of a single cell; 
the smallest tubes have no spiral thickening and are usually filled 
with fluid. Oxygen in the air of the larger tubes dissolves in this 
fluid and passes, by dift'usion, to the tissues Here and there the 
svstem widens into large an sacs The air is moved chiefly by 
diffusion , but musculai breathing nuncments, which alternately 
compress the air sacs and then allow them to expand, aid in 
changing the air The greater the muscular activity, the greater 
the pumping action on the air sacs and the better the circulation 
of an In the grasshopper the Inst loin spnacics open into one 
set oi air tubes onlv at inspnation, and the remaining six pairs 



are open only upon expiration, this facilitates the flow of air, 
The larger air tubes are impermeable to water (thus preventing 
water loss) but freely peimcable to oxvgcn, which dissolves m the 
blood and has to travel only a very short distance to the tissues 
There are no respiratory pigments lor carrying oxygen Carbon 
dioxide leaves by the reverse route but may also escape through 
the thin parts of the bodv surface 

I he system of air lubes, as it occurs in the grasshopper and other in- 
sects, IS one of the factors which limits the size of these animals Since 
the an must travel mostly by ditfusion, it could not reach the interior 
of a large animal fast enough to support the degree of activity dis- 
played by insects The other main factor in limiting the size is the 
chitinous exoskeleton, which in a larger animal would make flying 
morediflicult, 
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The blood vessels of the circulatory svstem are much less 
extensive than in the lobster In fact, there is only one vessel, the 
long contractile dotsai vessel, composed of the tubular heart, 
which pumps the blood forward, and its anterior extension, the 
aorta in each segment through which it passes, the heart is 
dilated into a chamber perforated on each side by a slitlike 
opening through which blood enters The aorta car-ies the blood 
into the head and there ends abrupt l\ The blood Hows out into 
spaces among the tissues ami makes its wav back into the thorax, 
w'here it bathes the thoracic muscles I rom there it enters the 
abdomen and bathes the \aiious organs, absorbing food from 
the stomach and gning up wastes to the excretorx tubules Then 



It returns to the heart The (.ouisl ol the tVood o n. ilK more 
definite than this briel sketch has intimated I heie aie paitiiions 
which defied the blood so that it enters one s.de of each leg 
and emerges on the other In the abdomen iheie aie two large 
horizontal paititions which aid m diiectmg its couisc, aiut the 
dorsal one separates the cautx containing the heait liom that 
in which the other \isceia he In an open system of this kind, 
where the blood Hows among the tissues instead of in definite 
vessels, the rate of How is relatively low Howcvei, this is no dis- 
advantage, since the distribution of oxygen has been taken over 
largely by the sy.stcm of air tubes The blocid sci ves mainly as the 
distributing and collecting medium for food and wastes, but it 
has other functions It acts as a leservoir foi food, and, when 
under pressure, it aids in hatching from the egg, in moulting, and 








lEK'H iPluiofxIf'lh) taken from the naked skin at the base of the hind Jeg ol a 
snapping turtle Removed to an aquarium, it attached itstll to the glass b> means 
of the two suckers, the larger of which 15 at the postcnor end the smaller at the 
mouth end Leeches are segmented worms but the lolds of the surface are more 
numerous than the internal segments A good meal lasts several months, and during 
this time the blood is stored in stomach pouches, which can be seen through the 
bod> wall as dark bands The animals are hermaphroditic, having both male and 
female sex organs Large specimens arc 3 or 4 inches long when partly extended 
The ground colour is deep olive green, with spots of brown (Photo of living 
animal bv S T Brooks Courtesy Mature Magazine) 




MH)i( i\M iiiLHls itluuilo meilii main) 
die siill evporled I'lom Luropc for ihe 
KiiHUdl ol hldck-and-blue spots, paititu- 
Lirl\ around the eves These luo were 
[lurLhased in a Chicago drugstore Ihe 
iecch san take three times its oven weight 
111 blood at a single meal and miests into 
the wound an antico.tgulant left, upper 
"urlaseol conliacted worm W/g/ir, lower 
surfase of ex fended worm (Phoio b\ 
P S Iitei 



i>oM) LiKiiix arc easilv collected, 
usualK unwillingh, b\ wadingin a pond 
with bare leel In addition to the well- 
known leechlike ’ method of move- 
ment, leeches can swim activclv by un- 
dulations ol the body They feed on 
worms, aquatic insect larxas, and even 
other lecehes When sexually mature, 
thev take a large blood meal, which 
max be slowly digested over as long as 
a xeai tPhoto bx Cornelia C'larke) 



siPLiNcuLiDS are ma 
rmcwormlikeanimals 
which, though unseg- 
mented, are related to 
annelids They swal- 
low great quantities 
of mud or sand, from 
which they extract 
orpnic material 
W'hen remoxed from 
their burrows, they 
alternately evert and 
retract the anterior 
end of the body, 
which has at its tip 
a circle of tentacles 
surrounding the 
mouth The one at 
the left has the an- 
terior end retracted , 
the one at the right 
IS fully everted A 
model of a sipunculid 
canbcseeninthcmud 
in the picture of Chae- 
lopterus 



1 ECHiuRotDS are wormlikc, unscgmen- 
ted animals related lo annelids Ure(hi<. 
lives in mud flats on the West ( oast of 
North America and can be dug up during 
a very low tide 



1 Following a path ol the rubber tube 
the mud is rapidly shovelled away until 
the burrow is laid open and the pink, 
cylindrical worm is exposed 


2 It inhabits a U-shaped burrow, 
whose exact position is determined b> 
inserting a rubOci lube into one opening 
and blowing until water spouts from 
the other 





4 Removed to the laboratory, (Ver/ii' 
IS an excellent souite of eggs or sperms 
which can he sucked up with a glass pi 
pette inserted into the sexual openings 




fAiRY SHRIMPS arc noi really shrimps but belong to the most primitive group of 
crustaceans These (Eubranchipus) live in Iresh water, their relatives, the brine 
shrimps, live in salt lakes They row themselves about, on their backs, by means of 
numerous, similar, flattened appendages (Photo by Peltier Courtesy Nature Mag ) 


MARINI (opr- 
•' P('i)s art min- 

ute crustace- 
; . / i ans ( 1 20 inch 

longl which 
‘ ^ ^ V 0 c c u r in 

t • V ' vountless mil- 

’ V lions in the 

' surl.KC v\. iters 

j ' ' of the ocean 

' n They feed on 

microscopic 
, .jfi p 1 a n t s a n d 

' , ■ >2: animals and m 
I urn are fed 
on b\ all voting fishes and many 
adult ones (Photo ol living animal 
Paciht Grove, California, U S ^ ) 


N A 0 P I I u s 
LARVA is the 
hist stage , 
alter hatch- , 
ing of mans i 
freshwater 
and marine j 
Cl iivtace. 
li IS ini' eg- 'f- 
niciiled and p 
has I h r 
pairs of 
pendages, 
which It 
swims about 

in jerks (Photo of living animal Pacific 
Glove, California, USA) 






AMPHiPODS are crustaceans flattened from side to side Some amphipods live in 
fresh water, but most arc marine The ‘ beach fleas,' so-called because they arc 
flattened and jump about, live a more or less terrestrial life on ocean beaches, 
feeding on plants and animals washed up by the waves (Photo courtesy Nature 
Magazine] 
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1 AND isoi’ODS. also called wood lice ' oi sow bugs, are among ihc few siicscss- 
tul land Lriisiaccans Thc\ are found under logs and stones and feed on decaying 
vegetation Because then delicate gill-like breathing organs (rnoditied abdominal 
appendages! must be kept moist, the\ li\e mostly m damp places 1 he voung 
develop in a brood pcnich and emerge as voung (ornn much like ihe adult c'cept 
in size (Photo bv Cornelia tiarkei 



AQUATIC ISOPODS (' Icgs all alike ’) live in fresh and salt water These arc Limnona 
hgnorum, marine, wood-boring forms, shown here in their burrows Tiny animals, 
i inch long they occu' in large numbers and cause wholesale destruction ol 
wooden pilings which support wharves (Plioto couriesv \'a!iire Magavnei 




hulloniv I'l sliips hut ma\ i|\e c>n almost ,iriv liani obieel in the v atcr on which the 
l,oc-Nwimming nauplius lar\a h ippens to stttie down This old and sluggish lobster 
IS cosered with barnacles bul hcalilo lobsters manage to keep tree ot them 
il'hoto of loing animal b\ F Schensks, Heligolandi 



SI At Kl 1) ll\K \( 1 1 s 
Kinht, barnacles on 
the loolh ol 1 w halt 
I (11 L’ooscnctk bai- 
nacks ( / e/a/\) It 111;.’ 
me b' hea\s stalks 
I roiii a piece ol di il 1- 
wood 1 he lwn-,ulid 
shell looks like that 
ol a mollnw bul ihe 
thilmoLis loiiited ap 
psiuhiges (sCcil pio 
Iriuliiu' Iriim some ot 
ihc shells) arc ptool 
ol .iilhiopod .iltini 
lies (Pliolo he I I 
[hkher (lahe'sloni 



Moini S <U KIK K HM(\A( I I s 

B.iUinii'. I (U section ihiough 
a barnacle with appendages 
withdrawn, as when disturbed 
or when the iidc ts out Rivht 
external \icw of same animal 
with c' tended appendages 
Bainai^lcs base been described 
as animals which sit on then 
heads and kitk food into their 
ineiuths tPhotc' souriesv 
American Museum ol N.iiuial 
Histoie I 
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FHf- FRFSH-WATFR SHRIMP, Pahemoncles, IS a true shrimp, verv similar to certain of 
Its marine relatives Actual length, H inches Collected at Wolf Lake, Indiana 
USA (Photo b> P S Tice) 



MARINE stiRiMP, Sienopw!, whtch shows the general tendenev of animals in tropical 
waters toward bizarre shapes and brilliant colours This shrimp is white with bands 
of iridescent bluc-grecn, red, orange and purple About \ natural size (Photo of 
living animal, Bermuda) 
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( RAVFiSHf-s live in streams and ponds and are verv similar to their marine relative, 
the lobster Thev are scavengers, feeding upon dcca\cd organic matter, and also 
catch small tish Like sluimps and lobsters, thev can walk forward slowly but m 
escaping enemies shoot backward bv suddenly contracting the powerful abdominal 
muscles (Photo of living animal Courtesy Shedd Aquarium) 



after this picture was taken this lobstci was reduced to an empty cxoskelcton 



Syy'AMP CRAYFISH, 
Cambarui, beside the 
‘ chimney ’ which sur- 
rounds Its burrow 
The burrows are 1-3 
feet deep, have at the 
bottom a water-filled 
cavity, and are built 
in swamps and mead- 
ows, often far from a 
stream (Photo bv C 
Clarke) 




I HI SIMS'! ii'HSiiK \ Fiiunhnfs) h.is no large pincers and wcuild seem to be an casv 
animal u> approai. h Bill ilic hods is sovtied ssith a formidable arras of -.pmcs , nd 
: he' spins anie iinas aie laige and deal s 'e mus lea ring blov s I he flesh is elelieious 
and the animals are eaten cxlensiscls In the L' S \ thcs o^eui in the .sarm vs alers 
aff f lorida and oH llu eoaM ed -.ssulhCMi ^ alilornia (IMiofo id living animal 
f oiiitesv Shedd \(|i' irinmi 



HI lARVA ol the spins lobster is a 
vi/aire, leaflikc, transparent animal 
viih eve's at the ends ot long stalks 
The head and thoracie appendages are 
vresent but the abdomen is undei-de'- 
e’kiped After several moults Iheanimal 
omes to look like the adult d’hoio bv 
Ailliam Ik'e'bci 



Bi ooD ( 1 1 1 s Irom the spins lohsici eai 
be kept alive foi a considerable lime oui 
side the hods Tsvo are shown highb 
magnified . the cell on the light was rmb 
1 '250 inch in diameter anti mosed abiun 
j.tivels 111 ameboid fashion The bloon 
of l.irgcr ciiistaceans clots rcadilv and is 
bluish from the piesenteol haemoev aniri 
a copper-protein compound which carries 
oxygen Haemoglobin, found in man 
occiiis in some ol the smaller crustaeca 
(Photo of lising cells Beimiida) 
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HIAI) Mf I KX'.IISH siKminp Ihc siall'Ci.l rves and loinied anicnnas the fir'-t pair 
-fiDil and iwo-hraikhtd ihc scluiuI pan li'inn and siriiile 1 he l\u' pairs ot anicnnas 
aiL a dislinuuishin^’ Lharaclci isne ul s riislaecans Insci-ts, nnllipedts aiul Lcntipcdes 
tune out pan ai ashiiids has e none ai all (Photo tn P S Fise) 


i 

I 






I Ml rra.s or iiir i raffish desclop while attached to the swimmciels (Irfl) Thc\ 
hatch into \ounp {rii;hn that look like nnniialure adult' and cling for a lime to the 
swimmerels (Photos h\ Cornelia Clarkt' 
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FIDDLER CRAB IS SO 

named from the way 
in which the male 
brandishes the huge 
left pmcer extend- 
ing It out and then 
suddenl> drawing it 
in The ‘ fiddling ’ be- 
comes especiallv vig- 
orous in the presence 
oi a female The 
Icmale has two small 
pincers of equal si7C 
These crabs are 
scavengers and live in 
burrows on sandy 
ocean beaches (Photo 
couitcsy American 
Museum of Nat 
Hist ) 



A GIANT CRAB from the waters off Japan As in the fiddler and all true crabs, the 
abdomen is reduced and bent under onto the ventral surface, it cannot be seen 
from above (Photo courtesv Buffalo Museum of Science) 


IHF HhRMII CRAB IS 

not a true crab, for 
It has a long abdo- 
men. which issolt and 
spirally coiled and is 
inserted in to theempiy 
shell ol some marine 
gasliopod I he ab- 
dominal appendages 
arc atrophied, but one 
pair has hooks for 
holding on to the in- 
side of the shell The 
ccphalothorax can be 
protruded, and the 
animal walks about 
carrying Us shell, into 
which It retreats at 
any sign of danger 
(Photo by OlhoWehb, 
.Australia) 
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THF KING c RAB, Limulus, oftcn called the ‘ horseshoe crab ’ because of its shape, is 
no crab at all. but a primitive marine animal sometimes pul m the same group with 
icorpions and spiders, which il resembles in many details It lives along the Atlantic 
L oast ol North America, scooping its way through the sand or mud as it hunts for 
:he bivalves and worms, especially ncrcids, on which it feeds (Photo by L W 
Brow'ncll) 




THF stuHPioN is an araslinid common iii ihe 
SW PSA It hides in cieviies dui mgthc das 
and comes out at night to hunt spidcis iind 
inscus which it catches with the large pincers, 
stings to death with a poison iniecled bv ihe 
curved spine at the tip of the tail, and then 
sucks dry The sting ot ihe scorpion is painful 
hui not dangerous to human adults though it 
sometimes proves fatal to young children 
(Photo by P S Tice) 


^OI•RSII)^ or IIMULLIS M 

lows walking legs and ^ 

:her appendages that 
r under the protective 
Dod do the flat ab- | 

ominal plates arc ^ 

itached the Icaflike gills 
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I AWANi 1 I AS are large spiders uhish liide during ilit das in tlic eraeks o( trees aiul 
under logs stones, ni dehiis aiul at iiiglit eonie e>iii to stalk ihcir pres '! hes are 
Loniniem in the South and Southwest ol Anitiica, where thes reach a length of ? 
iiiehes their bile is paintul but iK>t dangerous Some South Anicriean tarariiulas 
have a I'-ineh span and sometimes eale.h small buds Most people insist the\ are 
levoltcd b\ the long legs and haiiiness but im enie eni record .has csei obicvlcd to 
these same chai acteiistics in a Russian vvollliound iRIioto h\ Lee Passmore) 



A c.AROtS SlMleiR spiiis a web and 
wans paticntlc until a small diiimal 
becomes entangled Then it rushes 
out, seizes the pre>, inieets a poison 
and a digestive luice, and sucks up 
the tissue fluids (Photo b\ Cornelia 
Clarkcl 


iHT ik\n-oo')K siMbiR lives in a silk-li kvI 
buriow and wails, |usl beneath the hmgn' 
trap dooi that closes the burrow, fo 
passing prc\ Here the spider is pounenu 
on a sow bug (a small land crustaceam 
(Photo be Lee Passmore) 
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"H]rtov\ ol ihc nap-Jodi spulft IS \{ 

I'seJ, ihe d()(M nuiuhcs ""'n 

s ptrleslK Ilie si/e nl ticncialut the riy 
Jk.ilKMi (il ihc si/<' ot IK 

I'l till, aikill 



iiN(. the liap-dom spidci Icfi, lias ^ wliitc, i. 
a dd\ t)i so ihe culicle hardens and darkens 
ni b\ a inoulling fluid then ii split along tht 
page b\ I ee Passmore 1 

•?9 




ni AC K-v. i!)i iw, siMDi B'. { Lili! ihtfi !u\ muttiin'y) are llic oriK really dangerous spiders 
in the United State'- and, ihoui^h comiTU'n in the Smith and Southwest, base been 
reported lliiougnoiit the Cviunirv The male (/e/n. as in most species of spiders, js 
small and harmless The lemalc le/g/i/i is I 2 inch long, black, and has a red mark, 
shaped like an houi glass, on the ventral side of the abdomen The venom is very 
poisonous, and the bite is followed by pains and fever Victims usually recover 
after two weeks, but lalalities occur 



I HK fcticis OF .SPIDFRS arc enclosed in a silken bag which is hung from the web or 
some solid object or is carried about by the female / ejt, opened egg sac of black 
widow Right, the young spiders, just emerged from the egg sac, look like miniature 
adults (Photos on this page by Lee Pa.ssmorc) 
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IHt FK'.Hl SIMPI F h’tFS OF A SPIDtR, 
are usually arranged in two rows The 
Lentral lens is surrounded by a ring o( 
dark pigment (Photo by P S Ficc) 


A spiDiR IS nisi iNGUisurn exiei 
nails from an insect by its lour pairs 
of walking legs, a body composed 
of only two regions, ccphalothorax 
(head-thoia\) and abdomen, a lack 
of antennas, only simple eyes 
usually eight in number, as in this 
huntsman spider, and in the nosses- 
sion of only Iwo pairs of appendages 
about the mouth These are the 
(helucras, shown here beneath the 
eves as broad appendages with fang- 
likc tips turned in toward the body, 
and leglike appendages 

on either side ol the cheliceras In- 
sects have three pairs of legs, three 
body regions, two antennas two 
Idige cs)mpound eves, very dilTcrcni 
mouth parts, and usually two pairs 
of wings (Photo by Olho Webb 
Australia) 



I NDFHSIDI OF spidir’S iifai) shows lang- 
hke cheliceras which bite prey and inject 
a poison through openings near the tips. 
Just below them are the jaws of the 
spider two flat plates, each lopped by a 
tuft of dark hairs They arc extensions 
from the bases of the pedipalps and can 
be brought together to hold prey and to 
squeeze it when the spider is sucking up 
Its fluids (Photo by P S Ticc) 


iHi I’fUlPAiPS are chiefly sensory, but 
m male spiders have their tips modified 
'o assist in copulation The males have 
been seen to spin a silken net on which 
they deposit sperms which issue from 
openings on the under side of the abdo- 
men The sperms arc picked up by the 
pedipalps, stored in bulbs at their lips, 
and later transferred to the female at 
the time of mating (Photo bv Lee Pass- 
morel 
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A harvisiman (or dadd\ longle^s ) ia 
so tailed hei.juse n is seen most ollen at 
harscsi iimt It looks like a long legged 
spider hut belongs l(' anothti group of 
arachnids, the phalangids, hci^ausc 
among other things the u phainthoras 
and abdomen aic broadl> united and 
there are no silk glands It feeds mostK 
on small insects (Phtdo b\ ( ornelia 
Clarkt ) 



A Mill as (he name implies is sm.ill 
This one (shown from belovm found 
lising in an open field is I 4 inch long 
quilt si/abit as mites go Main of 
the parasitic tspes like those thai ll'.c 
in the (III glands and haii follicles ol Ihc 
human (ace. die onlv I "io inch long 
I'heit are four pairs ol legs, as in ail 
aradimds iht bods is ovoid <ind all m 
one piece (Plmtoln P S T.co 


ticks ait large tslood-suck mg 
mites, some of which paidsili/c 
man and his domtsiic .irnmals^ 
and transmit to them seiioiis 
diseases fvers star ihc\ cause 
millions ol pounds of tlamagc to 
cattle alont 1 ht Iwo shown at 
the right wtrt kept toi (i\c \cars 
wiiluHit food in the lahtiralors 
ol the U S Public Health Sei- 
vice During this long jHiiod of 
starvation thev wtic able to 
maintain within then bodies itic 
organisms that eansc relapsing 
fever when transmuted to man 
bv the hue ot the lick These 
licks occur m l. olorado and a few 
of the southwestern states ol the 
USA, but the te\ei ihcv lians- 
mil IS not so \irulcni as [ht one 
lhai sweeps T nropcan countries 
in devastating epidemics, and in 
Africa IS a maior scouige Ticks 
areull parasuic.and varioustither 
mites cause diseases like mange 
111 dogs and taiilc. and itch in 
man, but about hall the known 
miles are Ircc-hving on land, in 
fresh water, and even in the sea 
(Photo Irom Siwn.i’ Sm/cc) 
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;re are tv'.o e\es, one of which can be seen above the base of 
ipears superficiallv like the compound eve ol insects but is onl 
lie eves sci close together The posterior end of the animal {ri^ 
nnal anus and a number of tvpical segment'-, cvlindrical in shape i 
pairs ol legs (Photos b> P S Ticei 






iHH H(il SI ClNTIPfcDF, .SfW/ZJffrt;, differs 
from other centipedes in having long, 
delicate legs and compound eyes 
(Typical centipedes have two clumps of 
simple escs I It lives in damp places m 
houses, usually in the basement It does 
no harm and preys on cockroaches and 
other insects Slightly smaller than 
natural si/e (Photo bs Cornelia Clarket 



iVHK AL ( i-NTipFors have shorter, stouter 
legs The long trunk has similar seg- 
ments, as m millipedes, but is flattened 
and has only one pair of legs to a seg- 
ment Centipede means ‘hundred-legged 
but S( olopendra, shown here, has 21 pairs 
oi legs and the number ranges from 15 
pairs as in Scutigera to 171 pairs in the 
gcophilids (Photo by Otho Webb, 
Australia) 


FHt POISON CLAWS of thc ccntipcdc (shown here in a view of the under side of the 
head, enlarged 3 times) are not laws but modified appendages of the first body seg- 
ment They arc curved, hollow organs, perforated at their lips, which inject a 
poison that rapidly paralyzes prey such as insects, slugs, worms, and even lizards 
and mice This 6-inch Bermuda centipede inflicts a bite that mav keep a man in bed 
v.ith a fever for several days Some tropical centipedes arc over a foot long (Photo 
by P S Tice) 




iNSFCTs VARY i\ sHAPb dnd colour more 
than an\ other class ol animals Some 
arc compressed from side to side, like the 
kalvdid, above and others are flattened 
dorso-ventrally, like the "leaf beetle" at 
the /e/( Larvas are usuallv cylindrical 
like the one at loner left All the insects on 
this page resemble their sur'-oundings , 
just how much of this is entirelv acci- 
dental and hov, much is truly adaptive 
IS still a hotiv debated subject In any 
case. It IS true that the katydid and 
beetle, which live in dense loliage in 
Briizili.an jungles, are green and Icaflikc, 
and the larva looks like the (wigs among 
which It lives, while the Kaiiima butlcr- 
flv of India, when at rest, lower rij?/ir, 
looks like a dead leaf (Photos courtesy 
\af Mae ) 




I Hh 1 M A oi- iNSM I s are SIX in nunibei and arc borne thi i (k»i>-( i h i k ri\(, i f (, 

on ilie thorax the middle legion of the bod\ Ml arc ol the honevbec aie alsi 

composed of the same fne joints and usnalh end in used lor uaiking Polle 

two cursed claws Some have sticks pads which clings to hairs on legs am 

enable the insect to walk on smooth or on sertical bods and is liansleried 
surfaces The least spcciali/ed legs are simple walking baskets on the hiii' 
legs all three pairs much alike, as m this darkling legs heie sluswn wc 

beetle ( Photo of lis mg animal i loaded (I’liom bs ( orndi 

C larkc) 



THt ORASHINC, LK.S of ihc bods loUSC. 
Pfiluiilus hurnunu'', enable the animal 
to cling to hdiis on the body of man, 
or more often to his clothing With 
Its piercing and sucking mouih parts 
the louse sucks the blood of its host 
The danger lies not in the hue itself 
but in the fact that bods lice transmit 
the deadly Ivphus and other fevers 
The true lice, all of which suck mam- 
malian blood, comprise the order 
Andi'li'Ra The> lack wings and 
metamorphosis not pnmitisels but 
bv secondare loss t Photo courtess 
Arms Medical Museumi 





iHE swiMMiNCi LECiS of thc w atcr-scd s engc I 
beetle are flattened and fringed w ith bristles 
Though the\ live an aquatic life, these 
beetles have no gills but breathe b\ coming 
to thc surface at intervals to obtain air 
which they carry down with them as a him 
on the undersurf ice of the bodv (Phoio h\ 
C ornelia ( laikei 
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iHh ( IMPOUND b'lt.s ol ihc dragonfl> occupy niosi of the head and arc composed 
of nearly 10,000 sepaiatc units The antennas, which look like mere bristles, one 
heneath each eve, apparently play a minoi role In the housefly the eyes have only 
4 OOO units and in some ants there are only 50, while some nocturnal insects have 
no compound eyes at all and relv chiefly on their w-ell-developed antennas (Photo 
hv P S Tice) 



THE ANTENNAS of the Cccropiu moth aie large and auditory organ in the fore- 
branched and arc important sense organs for this leg of a katydid (Photo by 
nocturnal animal (Photo by P S Tice) C Clarke) 
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A ( ()CkR(MCH With egg case It frequently happens that one end of the case pro- 
trudes from the insect's body before the otha end is completed Below leji, an egg 
case cut open to show the eggs Below n^-ht the newly hatched nymphs, which 
resemble the adult except in size and wing development The adult, alwve, has very 
reduced wungs, but many cockroaches have large ones capable ol flight Cock- 
roaches have chewing mouth parts and arc destructive to all sorts of organic 
material, scavenging any kind of food m human dwellings, and even eating holes 
in rayon clothing and in the covers of cloth-bound books (Photos by Lee Pass- 
more) 



INSECT PHYSIOLOGY IS 
a difficult subicet, 
mostly because ol the 
small size of the ani- 
mals Here the effect 
of nicotine on the 
heart beat of a cock- 
roach is being studied 
The movements of a 
fine glass thread con- 
nected to the heart 
by a hair arc magni- 
fied through a micro- 
scope and recorded 
photographically 
Cockroaches have 
also been used in 
growth and learning 
experiments (Photo 
from Science Ser\ue) 



Q? 







ikMiiis lAi wolii), CKtavatiny lunnels 
ml Lluiinlurs Al tfic aTitrc is'the ljri;e 
lual ciiamhci iii v'.hich ihc queeti iises 
I’hoio ( i>urtcs\ A 1 [ nicrsoni 



NISI, 01 (eimitariuni of an Australian 
spcLies, shovMii^ (he laige si/e reached b\ 
sonic nesls (Pfioio h\ H O Lang, 
tourlesv A I fc met son) 



Ml SHknoM SIIM’I I) MSI Ol /'/h 
a (oim vslm-h lives iii iropRal 
iin loresis The tingei-like pro|u lions 
1 ihc caplike loot cncelivtli shed rain 
'hold hs H () Lang, coiiriesv A F 
merson i 

, fit’/ n^ht I'AMAOI HI irKMIllS 
l~i IK uidcr tn< •, fhiMpi ,1 l(> a hooL in a 
I'Miv at Van Buicn Aikansas, li S A 
I’hoto Lourlesv I S Bureau ol hnto- 
lologv ) 

’li'hl DAMAM lO VSiinOrN SIRUC Il'Rrs 

I the Middle We-sl ot the V S A is 
inial compared to lhal in the South or 
I tropical couniries, biil apparently 
iifticienl to make teniiite extermination 
profitable business 


^ TEPMIT6 
• CONTROL 

- SOUTH KNO 1 ^ 

Exterminating Co. ^ 

l29N.kUINSl (%«4’32SI U 
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iHh DOHSON FI Y, Condulu’i (dlonu With 
other insects on this page), belongs to 
the order Nfijkoptfka, characterized 
by 4 wm^s with many veins and cross- 
veins, biting mouth parts, and complete 
metamorphosis (Photo courtesy Amer 
Mus Nat Hist ) 



'i 


1 ACtvviNO FLV Larva, lower left, known 
as 'aphis lion,' lives on vegetation and 
sucks the juices of plant lice and other 
small insects Pupa, upper lejt, is 
emerging from its cocoon (Photo by 
Cornelia Clarke) 



as bait, lives in rapid streams, under 
stones, and catches larvas and naiads ol 
other insects It breathes b\ tiacheal 
gills After three years it goes on land to 
pupate (Photo bv P S Tice) 



ANT LION Upper left, larva which digs a 
pit and lies buried with only the jav\ 
protruding, readv to seize any ant or 
small insect that falls in The pupa, /oarf 
rif^ht, IS shown in opened pupal case 
(About twice nat size) 
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A HiH. l(» ihc Idvniari is almosi dn\ kind ol inseoi , hut to the entomologist, onl\ the 
membcis of tlu oidei utMii-iiKA arc true bugs Hcmiplerd me. ms 'half-wings’ 
and itleis to iht laut that the basal half ol the (lont vsings is thickeutd the posterior 
hall membranous The scsond pair of ssmgs is membranous and folded beneath 
ihs hist 1 he mouth parts are modilied for piercing and sueking, and ihe metamor- 
phosis IS giadiial The souihern grecn-planl bug kit. sucks iht sap of garden 
sLgeiabIcs ( Photo courlesv 1. S Bur f niomol ) ssmgless stmk hug nvmphs 
and eggs Stink bugs emu a fetid odoui sshieh remains on anslhing the> visit, and 
this Lsplains tlie bad taste of occasional berries in a ho\ ol otherwise good ones 
(Photo Cornelia Clarke) 



(UANI ssArfK Ri'i,, also Called the elcetrie light bug.' is one ol the largest insects, 
with a length of 4 iiKhes m some species It lives in waier, swimming rapidiv with 
Its flattened Hind legs and feeding on hsh, snails, and insects li catches prey with 
Its modified Ironl legs and kills them with its piercing and sucking beak The mating 
occurs under watei, the larger female cementing the eggs all over the back of the 
male, kfi The nsmphs hatch, right, and arc said lo indulge in cannibalism, ihe 
older eating the youngen (Photos by 1 ec Passmore) 
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TR£t HOPPFRS live On vcgctation, feeding 
on plant juices The thorax is prolonged 
backvsjrd over the abdomen and often has 
a grotesque shape I e/t, thorn tree hoppei 
has the thorax prolonged into a single 
enormous horn, and when the animals are 
resting on a thorny shrub, it is difllcull to 
distinguish them from the plant Abtnt, 
buffalo tree hopper, so-called from the 
hump and two small horns (I'hotos cour 
lesy haturv Magazine) The order h<imo 
I'litRA iiivludes the insects on this page and 
others such as the cicada Members typic- 
alh have four wings (which usualh aie 
held sloping at the sides of the body when 
at test), piercing and sucking mouth parts, 
and gradual metamorphosis 



PLANT lU'i, or aphids, arc 
tiny, and usualh green, pear- 
shaped insects that infest al- 
most every kind of plant 
The) insert their beaks into 
stems and leaves and suck 
the juices I'he htc-cycle is 
very complex and involves 
both ascxualh and sexually 
produced offspring and both 
winged and wingless forms 
Aho\t, wingless female, be- 
ioh, winged female of pea 
aphid (Photo courlesv I' S 
Bureau Entomologyi 



MFALV BUGS, so-called because they arc covered 
with a powdery excretion, arc common pests on 
trees and in greenhouses The males arc usually 
winged, the females usually wingless and degen- 
erate Pseudococcu\ citn, shown ficrc. is a serious 
pest of orange trees in the Southern States of 
America (Photo by Cornelia Clarke) 
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1 THF rif ADA IS one of ihc bcsl-knov,n liomo- 
ptcrans, partiv because of ils large si/e and ihc 
loud shrill song of the male, but also because 
cetlain species have interesting breeding liabits 
vsbich base long attracted attention The 
peiiodical cicada, Tihutna \epiendvitm, is 
popularly known as the ' seventeen-year lo- 
sust , hut this IS a misnomer, as locusts are 
properly migratoiy grasshoppers Shown here 
IS a female laving eggs in slits whicli she has 
made in a twig {Photo bvj (' Tobias) 






(‘ilhupifRAi ( shcdlh wings ) nicnihers nl which 
hdve the lorewings ihickcricil as wing ccners that 
protect the membranous hinh wings lolded beneath them Tnes have chewim; 
mouth parts and complete metamorphosis MiJJh. tlie larva ot the lapanesc 
beetle, called a grub, lives in the giound, feeding on the roots ol grasses /^;g/ir pupa 
Japanese beetles do untold damage to fruit trees (Photc' cvuirttsv I S Huitau ot 
[ niomologv ) 









iHh HAzn-NiT vsFt-vii IS a member ol the snout beitles, which have the head pio- 
Uvngeil into a snout provided at its tip with a pan ol i iws with which it bores iiiUi 
plants ( Photo courtesv \ature Mui^azine) 







V iV.. 

( Photo courtesv Saiute Mai'dZirir) 


HtRi t It s Htr 1 1 1 s show the striking 
diffeieiice that mav occur beiwecn 
the Iwo sexes ol the same species o! 
insect i he male has a large horn on 
the head and another longer one on 
the thorax The female is sinallci 
and has no henns The name is de- 
rived trom the large si/c ol the hec- 
tics w hicli aic show n here aboiii lit c 
si/e Sonic ol them art C' en 1 irger 
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I Ml KHIMKI nos HI Ml I j sor.icious herhivoic 
cxtaoilcs tMiirows in p.ilms 1 he ihiee horns are 
(111 the itioM' 'Alikh oseihanjzs (he small head 
InspiUol tli(.ii fleas s i-hilinouse'oskeieU'n beetles 
aie’ t'ooil llvii'- On (he sehole, (he ^trtiup is seis 
siRtcsstiil alniosi 2iH)()0 spteies are knoun in 
ilie I mud Stales alone il'hoiobsl' S Ikci 


wHiKiUiK. minis ssvirn on 
'he siirlaee ol (,|iiiet ponds 
feedmiL' t'n sni.ill insee'Is I he 
even are divided the upper 
hall lor seeing' in air and itii 
hnscr hall (or secmi' in sealer 
I I’holo bs C (>i IK lia ( lai ke) 



iiRiii.irs are no! flies but beelles the svmyless females and the larsas are called 
gloss ssorms On ihe lossei side oi ihc ahdiMiieii are the light organs ssliich flash 
intei niiilentls That flashes enable ihe mak ^ lo find (heir males is shoss n bs the fact 
lhal a Icmale in a perforated c'paquc bo' does not attraet males svhilc one in a 
eoikcd glaM bolile docs (Pholo bv C C larke) Rit^hr, photo made ssith the light o! 
a fiiefls whose abdomen eaii be diseerned lossard the light About ^ times natural 
M/c il or lurther details on animal light see* text) 
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BUTTERFLIES dnd moths arc members of the order lfpidoptera scaiy wings ’), 
characierized b> lour large wings covered with overlapping scales, sucking moulh 
parts, and complete metamorphosis The pictures on this page show' the develop- 
ment of a typical member, the Monarch butleiflv (Photos by Cornelia Claike) 
Left, the egg (shown greatly enlarged) is laid on milkweed plants Right, ihe larva 
IS a caterpillar with chewing jaws, it creeps about on plants feeding almost con- 
tinuously 



THF LARVA CHANOLS INTO A PtiPA, 
hanging from a leaf f rom left ti> right 
the larval covering is shed, revealing 
the pupa alreadv formed bcne.ith 



Above, 1 HL PUPA (called a ‘ chrysalis ’) 
appears to be ‘ resting', but inside, 
the whole structure of the insect is 
being reorganized Right, phf nfwiy 
FMERC.ED ALMJLr clings to the old 
chrysalis coveiing while the bods and 
w mgs expand and drv 
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THE CECROPiA MiHH. wiih vMPgs fuli> expanded, rests on a (wig which bears the 
sillten cocoon from which it has emerged Moths arc roughly distinguished from 
butterflies bv their nocturnal habits, threadlike or feathery antennas, and their 
manner ol holding the wings when at rest, the Cccropia is exceptional in holding 
the wings more like a bulicrily . the tiger moth, below, has a rnoie typical position 
Butterflies are active during the day, have knobbed antennas, and hold the wings 
vertically when at rest 



rocooN of a Cecropia moth, cut open the tk.fr moth rests with the wings 
The outlines of the antennas and wings held roof-likc over the body, the 
can be seen through the pupal covering characteristic position of most moths 
(Photo by L Kcmigsberg) (Photo by T W Brownell) 
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«.M 'Aoikcrs are wingless sterile I'emales Onl\ ani iaksas, pupas, and Ntv. 

the leproJiii ii^cs are winged 'Xms belong, with .v i Mt R(, id ach i rs are cared 

bees, wasps and otheis to the ordci MSMi-MipitKA lor bv workers, which provide 
(.hatacteri/ed bv loin wings with vers few veins protection and feed the larvas 

nioLith paMs adapted loi chtwiiig or for chewing Ants live in social colonies 

ind Slicking, and complete metamorphosis Ants and are the most numerous of 
arc scavengers, taking tv) their ncsis anv kind of all terresirial animals of com- 

(vrganic maltei , some species atlack liv mg animaK parable si/e tPhoto b\ 

as well I he two shown here arc lemimg ihcn ( oinelia ( larkc) 


cows faphids), from which thev obtain 
dew, a sweet exudation (F^hoto b\ ( 
( larke) 





\ 


r, 


honisrh- uorkpr with pollen grams 
clinging to the long, branched hairs on 
bodyand legs Aswith ants, the workcrisa 
sterile female, but unlike ants, bee work- 
ers are winged The elongated mouth 
parts are modified lor sucking nectar, 
there arc also chewing jaws for manipu- 
lating wax (Photo h\ C ornclia C larke ' 


honev- 

'inelia 



A SWARM or HONtsHtts includcs work- 
ers, drones (males), and queen All in- 
dividuals of d colony arc offspring of 
the queen, who mav lay over a million 
eggs during her lifetime At any one 
time, a hive mav contain from H) 000 lo 
80 000 bees almost all workers (Phoio 
couricsv I S Bureau Fmnmologvi 
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IML MLiD-DAUHi-K u ASP IS solilarv Dul Ihcie are social wasps, just as there are b 
solitary and social bees The mud dauber builds a few cells of moist earth fills th 
with live, paralyzed spiders, and lavs an egg in each /J/g/ir the nest cut open 
expose four cells containing, jrom left to nyht, a pupa, a larva beginning to pup. 
and two cells filled with spiders, one ol which has a small larva clinging to its I 
[Photos by Lee Passmore) 


kornm's nesi, cut open to show the 
cells in which arc reared the developing 
young The whole structure is made of 
bits of weather-worn or decayed wood 
chewed up with saliva to form a kind of 
paper Hornets have a social organiza- 
tion much like that of bees , the young 
arc fed on insects brought to them by 
the winged workers (Photo by Cornelia 
Clarke) 


OAK APPiis are growths induced on oa 
trees by the larva of a hymenoptcra 
known as a ‘ gall wasp ' The species c 
parasite can be determined bv the typ 
of growth induced The larva feeds on th 
green tissues, and the plant responds b 
overgrowth After pupation the insect 
emerge, mate, and lav eggs on new oa 
leaves (Photo by L W Brownell) 




1 ' 4’ 

Pepsis formnsa, the 

f '• 

, well-known ‘ taran- 
, tula hawk ’ of ihe 
South-western States 
, of the USA The 
wings show several 
features characteristic 
ol the wings of Hv- 
menoptcra The vena- 
tion IS reduced , and 
the hind w'ings, which 


arc smaller than the 


front pair, have on 


their anterior margin 


a row of hooks which 

fit into a groove on 
the posterior margin 
ot the forewings I'hn 

\ 

holds the wings to- 
gethermllying Wasp' 
have a long sicndei 
waist ’ or stalk loin 
ing the abdomen tc 
the thorax (Photo' 
on this page h> Lee 
Passmore) 


MANY WASPS PROVISION THEIR NESTS WITH SPIDERS, and SO it IS not Surprising that 
Pepns, being a ver> large wasp, can capture tarantulas, paralyzing them with d 
poison injected by the sting on the end of the abdomen, upper right Sometimes the 
wasp loses the struggle and is eaten by the tarantula , but when Pepsis is successful 
she places the tarantula m a burrow in ihi ground, lays her egg on ils body, and 
closes the burrow The larva that hatches feeds on the tarantula Then it pupates 
and when the adult emerges, it digs its waj out 








INSKTS ARt BENEFICIAL TO 

MAN in manv ways The 
humble bee (shown here) 
and man) other insects 
pollinate flowers wholecol- 
lecting nectar for food 
Without this service our 
orchards would produceno 
fruit and many crops could 
not be grown Unfortu- 
nately, in warring on harm- 
ful insects we often kill 
useful ones, the sprays 
used to kill pests of fruit 
trees also poison the honey- 
bees and other nectar- 
gatherers Honeybees are 
about fifty times as value- 
able for cross-pollinalion 
in orchards and fields as 
they arc for the honey they 
produce (Photo U S Bu- 
reau of Entomology ) 




SILK produced b\ larvas of 
the silkw'orm moth is still a 
leading fabric and not yet 
replaced by synthetic sub- 
stitutes Silk IS obtained by 
unwinding, either by hand 
or machine, the single long 
strand, often half a mile 
long, that forms the co- 
coon of the moth It takes 
about 5,(XK) cocoons to 
make a silk kimono (Photo 
by C'larkc) 



HONES supplied by honeybees is our bcsl-knowm insect 
lood product One pound of honey represents 20,(KX) 
bee trips from flowers to hive In many parts of the 
world It IS the insects themselves that are eaten 
American Indians eat grasshoppers, crickets, and 
ants, many races cat caterpillars and grubs, and 
Africans eat termites and even fly maggots This 
seems repulsive to us, but grasshoppers are clean and 
eat gram, while we cat then relatives the lobsters, that 
live as scavengers on the sea bottom toasted 

caterpillars of the Pandora moth are considered a 
delicacy in some parts of Mexico (Photo courtesy 
Nature Magazine) 
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MOST sTAKHsHi^ 1 1 \ K (IN Koc ( (MSTS, licrc ihc hard substratum furnishes a 
place of attachment for the suckers of the numerous tube feet with which these 
animals pull themselves slowly over the rocks When the tide is out starfishes can 
be seen clinginc to the exposed algae-covered rocks, like the one in the picture 
fie/yn , or in shallow tide pools Some slarlishes can In e on sandv bottoms, and these 
mav have suckcrless lube feci which are used like rows of little legs to vvalk over 
the sand Mans whole groups of inverlehrales arc confined almost entirely to 
rockv shoies, espcciallv the sessile t\ pes like sponges, sea anemones, barnacles, tube 
worms with calc.i eous tubes, and sessile bivalves, .Creeping animals like chitons 
and most snails Inc where rocks afford a hard surface and a place of attachment 
for the algae on which ihev leed tPacific Grove California, USA) 
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ST ARFISH AH()( T T m | M a MUSSl [ * hivalvc) 
The lube feel, vshis h art applied to the glass oi the 
aquariLiin and to the mollusc, will soon puH the 
% ^ two \aKcs apart as the tshaustcd bnalse yields 
iPhoto ol living animal h' W K fisher, Pacific 
Cirovc, ( alif('rnia, L' S A ) 

I fli siAKMSH Moi’s arc used lo remove starhshes 
Irom ovster beds wheie ihev cause yreal damage 
The mops aie diagged o\m the sea bottom, and 
the animals are caught when the small pinceis 
(pediLcllarias) lake hsild ol the threads At one 
time starfishes soliccted in this was were chtipped 
up and thiown back Since the\ regenerate easils 
this method increased their numbers (Inier- 
national News Photoi 




srARnsHrsKFt.ENtRATfc easily This one-armed star- 
fish is regenerating four new arms, which appear 
as buds giowmg from (he disc (at the end to the 
right) (Photo bv Otho Webb, Australia) 

1 14 





IIN-ARMLD siAKFisHfs arc Icss comiiion than the 
tvpiCLii fjve-arnied kinds, but ones with from four to 
iw'ent\-five ravs aic know-n Notice the barnacles that 
cover the rock iPlioto courtess Suture Mantazme) 



si\-ARMFD STARFISH The larvas of some starfishes, 
like those of Leptastenas, shown here, have no frec- 
swimmmg stage but are sheltered in a brood chamber 
on the lower side of the female and emerge as little 
starfishes (Photo b\ W K Fisher, Pacific Grove, 
California, USA) 







A SIAKFtSH RIGHTS IIStLF 
(top to bottom) b\ bend- 
ing Its stiff arms and 
pulling With the tube 
feet (Photo of living ani- 
mal Pacific Grove, Cali- 
fornia, USA) 
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SFKPfcNT STARS crawl ovct iheoccdn floor b> agile movements of their arms, w 
are also used to entrap small animals like worms and crustaceans Most specie: 
five-armed, but ones with six, seven or eight arms are known, and some 1 
branched arms About i actual size i Photo by D P Wilson, Plvmouthl 



SERPENT STARS drc namcd from the writhing snakchke movements of the ai 
They are also called ‘ brittle stars ’ because of the case with which the arms comi 
when seized by man or other enemies, but regeneration is rapid About t nat 
size (Photos of same animal taken in rapid succession Pacific Grove, Califor 
USA) 








iHh TUBI FFH of scd utthjns end ni 
suckers and are lonj; and slender, extend- 
ing hevond the spines Both are used m 
locomotion, the lube Icet being moved b\ 
changes in pressure m the ualer vascular 
system, the spines bv muscles About 
natural si/e (Photo of hving animal 
Pacihc Cirovt, CaliforniiA. I ' ,S A ) 



tut rrsT or skeleton ol a sea urchin is 
globuldi and made up ol (used cal- 
careous plates The spines are removed, 
but their positions are indicated bv the 
round protuberances on winch tlicv 
were pivoted The five double rows ot 
holes aie openings ihrough wfinh the 
lube feet piotrtided 



THF itF vFLOl’MFNT OF A St s UR^Hl^ IS representative of animal development, and 
equivalent stages occur in all animals from the hvdra on As the embrvo divides, 
the cells become progressivelv smaller, until in the blastula stage, at the lime of 
hatching Irom thceeg membrane thev arc barelv distinguishable at this magnifica- 
tion (Actual size ol unfertilized egg, I 150 inch ) (Photomicrographs bv D P 
W ilson, Plvinouthi 
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SPIN! s (n SI A 1 P( HiNS . rc used in locomotion and offer protection from marauding 
animaK aliKh might cihtrwisc prev on urchins The spines ma\ be relative!) short 
and stum as in the short spined urchin at the /c/r, which sits in a hole in the rock 
made h' ^uiisi.ini movcnicnts of the spines or tliev ma\ be longer, vert sharp, and 
pmsunoiiv as m the imedle-spined urchin at the ng/ir (Photo.s b\ Otho Webb, 
Australia) 



anothfr VAKiAtioN IN spiNFS IS shown by the slate-pencil sea urchin (Photo bv 
Otho kVebb, Australia) 
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SAND DOLLARS belong to the same class as sea urchins but die fiailened and cc 
with short spines They move by means of the spines and small lube feet on 
surfaces of the body The large tube feet which protrude from the hvc double 
of holes on the upper surface arc respiratory The animals swallow sand 
digest the organic material contained in it /thoi'e, living sand dollars Brian 
dried tests of two sand dollars arranged m positions corresponding to the 
above The left ones show the upper surface, the right ones the lower su 
with the mouth opening in the centre .md the anus near the margin ( Pacihc G 







SEA CUCUMBERS are fleshy 
cchinodcrms in which the nsudl 
spines are reduced to minute 
^ . ossicles imbedded in the skin 

attacked, some throw out 
their viscera, leaving them for 
the enemy, meanwhile escaping 
and regenerating a new set 
, • Others throw out slime threads 
which entangle the enemy The 
' - animals shown heie (in a tide 
V*.; pool off the Australian coast) 
creep about on the ocean floor 
by muscular movements of the 
body wall The tube feet are 
little used The animals swjllow 
sand or mud and digest the or- 
, game material They arc col- 

'4 Iccled in great quantities and, 

1 ^' .j yvhen dried, are known as tre- 
pang,’ or ‘ hCnhe-de-mer,' which 
IS itien shipped to China to be 
used 111 making a soup (Photo by 
Otho Webb, Australia) 



THE SEA CUCUMBER in thc foreground at left shows thiee of the five rows of tube 
lect, by which the animal attaches to rocks Thc finely branched tentacles around 
the mouth arc slimy and trap small animals Thc sea cucumber at the right has thc 
tube teel contracted (In the background arc two starfishes, one with 'i arms 
broadly joined to the disk the other with 8 arms ) (Photo of living animals bv 
F Schenskv Heligoland) 
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liked echinoderm, brought up from the se,i biupi 
oti ol the slulk IS shou n \\ hen undisturbed the hi 
Hid LiliJied grooves on then upper surtuus swet 
I mniitli Being dccp-watei forms, stalketi sessile v 
niili.ir are the leather stars ol shallow walei The 
I later break from the stalk and swim about b\ 

)l Liinoids are ^hicflv rc^piialoiv not losnmoii' 
vlatc'- there are no spines (Photo bv ^ H ( I, ok 




iokamimh KS of the pasi dwaif Ilie snuii (i'i> si-onoi 
Liigrst mndtin foims, uhith, FuLno/nunon, from 
liougli (' 111 '- ihc M/c ol a pinhead the roeks laid do\Mi 
jic cianis among living proio/oa in iht seas of middle 
shells ol whkh art Siluiiantimes (About 
shown about natural si/t thnir \ atlual si/ei 
l^llLd on the sea bottom in the 
earls Tertiarv and loimeil gieat 

beds of limestone now exposed in the \lps and northern 
Miiia Ihc pvramids of Co/eh near t ai'o ait built ol 
luinimulilic limesloiie 


lARt.t SILICIOtS 
spoNiii HiilnOieras 
lived on the bottom 
ot a Devonian sea in 
what IS now Ntw 
^(nk Stale (About 
^ atlual si/ei 



pies ot 4 Belorc becoming cxtiricl at 
the end ot the Palco/oit the lelratoraU 
p-ohablv gave rise to the hexacorals 
with partitions in multiples ol 6. to 
ahicti belong nuHicrn sea antmnnes 
and reel coraK (About ^ actual m/ci 



r.RAi'Toiiir hossiis are carbom/ed films 
left bv extinct tohmial coelenicraies, 
Ihphi^rapiii Irom the Ordovician pro- 
bdhK drilled bv means ol a central floal 
from which ratlialc 1 numerous stems 
cacfi wi(h a titvubic rov> of hoinv siip'- 
Occupied bv (he mcrnh(is ol itn i iloio 
I \boiit t aLlii il si/i ' 
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stalked sessile crindids, above, were the 
dominant members of their class during 
the Paleozoic, about f actual size 
Sessile cnnoids still live in deep w'atcrs, 
but the free-swimming tvpes arc much 
more common now crown and part 

of stem of a crinoid, Di:\guinnu\, from 
the Mississippian (About ^ natural size) 
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THE LARGEST INSECT THAT TVER LIVED had 0 Wing 

spread of 2^ feet It belonged to the order Proto- 
donata, extinct since the end of the Triassic period, 
which probably gave rise to modern dragon-flies 
This restoration is of a specimen found in Permian 
rocks near Elmo, Kansas (Photo courtesy Field 
Museum) 



FOSSIL ant from the , 

Tcrtid'-y rocks of Colorado, i 
USA Note the large j 
compound eyes (Photo 
from P M Carpenter) 





two termites, imbedded in amber 
from the middle Tertiary (about 
38,000,000 years ago) look as if they 
had died yesterday (Specimen lent by 
A E Emerson Photo by P S Tice) 


* ^ 



Above AN ANT imbedded in Terliars 
amber (fossil resinifrom the Baltic region | 
(Photo by F- Magdeburg) ' 



Aho\e TERMITE WING OR a piCCC Of 

Middle Tertiary rock from Spokane, 
Washington, USA Even the most dcli- 
cdtc veins arc easily seen (Photo courtesy 
A E Emerson) 
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THE GRASSHOPPER AND OTHER INSECTS 309 

in the expansion of the wings. Besides, it contains cells which 
ingest bacteria and wall off parasites. 

The NERVOUS SYSTEM IS a ventral, double, ganglionated cord 
like that of the lobster The embryo has a ganglion for each 
segment, including six in the head, but in the adult some of the 
ganglia are fused so that there are only two m the head three in 
the thorax, and live in the abdomen Still, this is a lairly gener- 
alized s>siem, as compared with that ol some insects, which have 
all the thoracic and abdominal ganglia iused mio one mass The 
brain lies above the oesophagus and between the eves It is joined 
to the fust vcntial ganglion by a pair ol ncives which encircle the 
gut The brain has no centres tor co-ordmatmg muscular activity ; 
after removal ol the biain the animal can walk, jump, or fly. As 
in low'cr invertebrates, the brain serves chielly as a sensory relay 



which ra'eives stimuli from the sense organs on the head and, in 
response to these stimuli, diiects the movements ol the body. It 
also exerts an inhibiting inlluence, lor a giasshopper without a 
brain responds to the slightest stimulus by lumping or Hying - 
a very unadaptive kind ol behaviour And oveii in the absence 
ol anv external stimulation, the animal displays an incessant 
activity ol the palps and legs The fust vnitral ^an^lion controls 
the movements ol the mouth paits and plays some role in main- 
taining balance The s* ”/;/< ntal gu//g//u are connected and co- 
ot dinated bv nerves which run in the coidx but each is an almost 
compicteiy independent centre in control of the movements of its 
respective segment (or segments) and appendages In some 
insects these movements have been shown to continue in seg- 
ments w'hich have been severed from the lest of the body An 
isolated thorax is capable ol walking by itself, and an isolated 
abdominal segment performs breathing movements 
The REPRODUCTIVE SYSTEM of the male grasshopper is a pair of 
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iestc.s, which discharge 
sperms into a sperm 
duct The duct receives 
secretions (a fluid in 
which sperms are con- 
veyed to the female) from 
gland‘s and then o|xms 

near the posterior end of gra'ishoppi r i a\ in(. rc.os m tht grounJ Oa till, 
(he body In the female nghtisdconiplckjhatcholeyg, (MUrWalton) 
thcie IS a conspicuous set of stout appendages ncai the posteiior 
end of the abdomen Fhese are used for digging a hole in the 
ground m which to lay the eggs Internally theic is a pair of 
ovaries, with oviducts The two osiducts converge into a vagina. 
v,hich opens into a genital cliamhcr In the sex act the male inlro- 
dua's sperms into a special sac in the female, the spenii receptacle, 
in which they arc stoicd until the time foi egg-laymg The mature 
eggs pa^s dow'ii the ovidiiet and. contrary to the usual proceduie 
in animals, the shell and yolk aic put on before fertilization A 
small poie is lelt, how'cvei, thiough which the sperm enteis As 
the eggs pass into the genital chamber, they are fertilized by 
sperms ejected Irom the sperm leceptaclc 




UFVH Di’MLNi 01 AN iNSK I A Icriili/aiion B, the nuclei migrate to the pcnpher> C 
cell walls appear between tlie nuclei, resulting in u single-la>crcd embryo which 
corresponds to the blastuLi of other animals D. when segmentation first appears, the 
head is composed of only three segments E, later, the first three body segments are 
added to the head, forming a six-segmented head, which in the adult shows little trace 
of the original segmentation (After Snodgrass ) 



JI2 


ANIMALS WITHOUT BACKBONES 


ORADUAi Mf rAMoKiMiiiMs ol j gi a','>tioppci lioiii lif'.i [ivmpli.il stage to adult Between 
any two successive stages the animal moults The first nymph has a relatively large head 
and no wings 

The DLVLLOPMENT of insccts IS ratlicF different from that of 
most animals - chiclly because of the large amount ol yolk, 
which provides enough food to enable the young to develop 
sufficiently to be able to feed Instead of dividing into two cells 
and then into loui, and so on to form a blastula, the zygote 
nucleus divides many times without the division ol the cyto- 
plasm The nuclei then move to the periphery, and cell walls 
appear between them, thus forming a layer of cells Subsequently, 
cells pass inward until there arc roughly three layers The outer- 
most layer is the ectoderm, the endoderm and mesoderm arc 
interior to it Segments eventually appear as little hollow blocks 
of mcsodcim The mid-gui develops liom endoderm The fore- 
gut and hind-gut develop from infoldmgs ol the ectoderm 
Since the ectoderm alone secretes cuticle, this explains the 
presence of a lining of cuticle in the fore-gut and the hind-gut A 
coelom forms as a senes of pairs ol hollow sacs in the mesoderm, 
one pair for each body segment These coclomic sacs later 
break down and do not form the adult body cavity 

The young grasshopper known as a nvmph, hatches irom the 
egg in a form which rescmhlcs the adult except m the rekitively 
large size of the head, as compared with other parts, and in the 
lack of wings and reproductive organs It feeds upon vegetation 
and grow's rapidly, but since the chitmous cxoskcleton cannot 
stretch very much, the animal must moult at intervals moultino 
is a complex process which involves several steps The outside 
layer is separated from that beneath In the sccTction of a fluid 
from certain skin glands This fluid dissolves part of the cxo- 
skcleton, which is absorbed by the epidermis and is presumably 
used to make the new cuticle There is usually a weak spot m the 
skeleton down the middle o( the back which breaks and provides 
an opening for the nymph to escape The cuticle is finally 
ruptured, not by the increased si/c of the animal due to growth, 
which merely stretches the membranes between the segments, 
but by muscular contractions which build up great pressures on 
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In tliL .ululi iliL licad IS snialltr m proporlion to the rest ol ilic anu ilu winss arc 
lull) di.\tlop(.d (( ombtned from several souri.es ) 

the skin To aid in increasing temporarily the si/c of the body, 
the inscet swallows air and closes the spiracles The newly- 
cincigcd insect is suit and white, and since it is in a precarious 
condition, it usually retires to a safe place until the soil cuticle 
hardens and darkens W'lth each succcssice moult, of which there 
are Ine in most grasshoppcis, dilTcrcntiation continues, so that 
Ihe final moult results in the adult grasshopper 

\'Akl \ TIONs IN IN.Sl t I sriUK TORE 
To ha\e (>bscr\cd insects at all is to have noticed that they vary 
liemendously - liom Ihittened, crawling cockroaches, which 
teed on sciaps ol lood, to living butterllies, which suck nectar 
from Ihrucrs, and sw'immmg beetles, which chase animal piey 
These dilleiences are mosllv in external structures, interndll>. 
insects are moie alike 

VaiiaiioiG 111 the ouasiixi ii<\c i aie related mostly to what 
the animals cat In the cockioach which leeds on sidid lood, the 
gi/./ard IS well developed, and its lining is aimed with hard 
plates and spines Insects which suck luices have no gizzard 
In the lionevbee the nectar is sucked up into a honev stomach, 
which corresponds to the crop ol the grasshopper The region 
between Ihe honev stomach and the stomach (corresponding to 
the gizzard ol the giasshoppci) is a valve which prevents the 
food m the honev stomach, designed lor storage in the hive, 
liom going into the stomach 

Most insects obi,iin air toi ri spiRAtioN ihiough .i system ol 
air tubes, but some, like most ol the tinv collembolans, have no 
.nr tubes and breathe through the bodv surlace Manv insect 
larvas, which live as p.irasites in the lluids and tissues ol Iheir 
hosts, aie equipped with well-developed s\ stems ol air tubes but 
must obtain oxygen by diirusion through the thin body wall In 
many dqualic nymphs and laivas the spiracles do not function, 
and oxygen diffuses into the body through gill-hke expansions 
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of the body wall which 
contain air tubes (trach- 
eal gills) Some aquatic 
larvas have thm-walled 
expansions of the body 
w'all or extensions of the 
hind-gut which do not 
contain air tubes In 
the absence of ceitain 
information vve assume 
that oxygen dilTuses into 
blood contained in these 
structures (blood gills) and so finally leaches the tissues 
There are also differences in the ganglia of the NrRvous 
SYSTtM In piaclically all insects there arc tveo nervous masses in 
the he d, but the numbei m the thorax and abdomen is rnoie 
vaiiable and depends upon the degree of fusion ot the ganglia in 
these legions The most extreme case of lusion is that ot certain 
fly larvas, which have the entire ventral cord, including the first 
ventral ganglion, consolidated into a single mass 
The rxcRPTORY tlirulis vary in number from two to over a 
hundred, but they all function in much the same way 
The essential parts ot the ri PRODuntvi organs o! insects arc 
as described for the grasshopper Hermaphroditism is known to 
occur in one species (a cottony-cushion scale insect) in which the 
females are able to Icrtilizc Ihcir own eggs Unfertili/ed eggs 
give rise to males, which arc rare The males have been seen to 
mate with the females, but whether they can fcrtili/e the eggs is 
not knovMi In some species no males have ever been found, and 
the eggs laid by the tcmalc develop parlhenogcneiically (without 
fertilization) In the vast majority of insects, sperms aie stoied 
in a receptacle of the lemaic at the time ol mating, and the eggs 
are usually Icrtili/ed, as they issue from the oviduct, at the time 
oflaymg 

No matter how conservative they may be in their internal 
anatomy, the insects, as a group, show the most radical modifica 
tions and the greatest amount ot external variation known foi 
any class of animals There arc, of course, the easily observed 
differences in shape of body, colour, and size But among the 
variations which are most important in adapting the animals to 
their different ways of life are those of the sense organs and 



‘tiiiidcn ne.is’ art primitive win(}I£Ss iNsrcrs 
(order C ollenihnla) whith never luve had anv 
winged anctstors 



THE GRASSHOPPER AND OTHER INSECTS 315 

appendages From an ancestral arthropod with numerous seg- 
ments each bearing a pair of appendages which were all alike 
and primarily locomotory in function has been derived a vast 
array of insects which show a reduction and lixation of the 
number ol segments, a loss of appendages on the abdomen, and a 
specialization of the appendages of the anterior part of the bodv 
into a senes of structures which are, at least on the head, all 
diireicnt from one another Moreover, in the diffeient insect 
groups corresponding appendages have been modified in a great 
number of wavs to lit the various animals to their particular 
niches 

Insects generally agree in having as sense organs a pair of com- 
pound I vts. three simple eves, and a pair ol antennas In addition, 
the mouth parts may bear lointcd sensory piojections, the palps, 
and the body is clothed with a vaiiety of sensory hairs, scales, 
pits etc There mav also be spcci il org<ins of smell or hearing 

The simple eyes prokibly do not lomi iinugcs, but <icl to increase the 
sensitivity of the br.iin to lieht stimuli Irom the compound eves For, 
if the three simple eves ,irc painted over with an opuque subsianee, 
the insect docs not react to light as rapidly as if the simple eyes were 
not covered If the large eyes aic uncrcd, tlie insect does not respond 
to light In insceis uhieli learn loadilv, colour vision can be demon- 
strated In one type ol experiment a table is put near a beehive, and on 
the table arc placed Laids ol dilleieni colours On each c.trd is set a 
glass vessel filled with water, and sugar is added to the water in one 
vessel - say the one on tlie blue c.ird In its excursions a bee finds the 
sugar waici and, while busily leeding, is maikcd with paint, so that it 
uin be ie,.ognizcd After the bee has made several trips between the 
table and tiie hive, the sugar watei is swiichcd to the vlIIow uird The 
bee then returns to the blue caul as befoie, even if the caul is moved to 
anolltcr position on the table, show me that the bee is leatting to colour 
and not to position orodoui Similarlv, a bee can be trained to respond 
to yellow or to iiltia-violci Bees trained to leJ or black cannot dis- 
cnmmale beivvecn ihese two cokiiirs, or beivvecn them and daik grey 
llowevci, some insi-ms do respond to led 11 bees arc turned lo visit 
blue, and then blue is icpiaccd bv giev on which is set a yvilow caid, 
Ifie bees now respond to the guv as if it vveu blue, a[ipaienily because, 
as in the case ol man, blue and yellow are Lompicmeiii.irv colours and 
giey, set next to yellow, appears blue 

The ANTHNNAS may be very long, as in ciickots, cockroaches, 
and katydids Thev are the chief organs of loum, for when the 
antennas are removed cockroaches can no longer be trained to 
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turn right oriel t (sec pp '522-3) The touch receptors of the antenna 
arc the fine hairs with which it is clothed The hairs are stiff and 
arc joined by a very delicate cuticle at their bases to the rest of the 
antenna The antennas also bear oigans for the sense of smell. 

Expcriincnls wIikIi demonstrate the sense ot smell arc similar to those 
on colour vision 1 irsi, it is necessary to delcrmmf if the insects react 
to odours Sug.ir watei r, placed in small boxes, and, aftci bees have 
found (hem and are making trips lo and horn the hive, the box is 
replaced bv one )ust like it, also coniaining sugar vcatcr, but sprinkled 
inside with flower extract After the bees have made sullieicnt trips to 
get used to the SLcnl, several new unseented boxes are pkieed beside a 
new scented one When the bees return for more sugar, the) buzz about 
the oixmings of the boxes but linallv go inside tlic scented one burther, 
when they aie Irainci! to go lo one odour - sav rose - thev will not go 
to anolhei. such as lavendei Th ii tlic sense organs are on the antennas 
IS shown b\ removing paits oi all ol the antennas from bees tiained to 
ceitain scented boxes When the last eight segments are removed from 
each antenna, the bees cannot distinguish odours That this result is 
not due to (he shock of the oiseiatioii is pioved by a contiol experi- 
ment in which some bees aie hrsi (rained lo visit blue boxes for sugar 
water Then then antennas aie lenuned, and it is found that they still 
return to the correct boxes It may be noted, howevei, that with thcir 
antennas lemoved the bees have dilhciiltv in entciing the boxes, prob- 
ably because of the paitial loss ol then tactile Sense 

In some insects, as in diagoiillics, to which sight is more 
important, the eves occupy nearly the whole head, while the 
antennas are relatively miniiic Scatlcred over the bodies ofmosl 
insects arc niiincious ixciill hairs Other sense organs may 
iK'Cupy rather umisiul places I or example, the sotiNii-pLR- 
ciiviNC. orcjANs ol the grasshopper aie on the sides ol the 
abdomen iiisl above the base ol the thud legs, while those ol the 
katydid arc luai the upoei end ol the tibia of the tiisl pair of legs 
I ASH oiu.ws, which cn.ihle the insect to distinguish sweet, 
salty, sour, and hitter, occur not onlv in the mouth hut also on 
the antennas p.ilps, and Icei Hut gist which ol (he several kinds 
of sense organs aie the taste oigaiis is not known 

The giasshopper, lepiescntmg a lairly generalized group of 
insecis, has /c/'-g Moinii i>\ris These are the most primitive 
kind, and they arc present also in beetles and in many other 
orders of insects Two other mam types ol mouth parts are 
common sucking mouth parts, as m butterflies, and piercing 
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ami !>nckin(\ <is in the eieddas In 
most bulternics the jaws aie ludi- 
mentary, and the two maxillas ate 
greatly elongated, each forming a 
half-tube, so that when they are held 
together they toim the long sucking 
proboscis ol the adult, through which 
liquids arc pumped up by the mouth 
pump in the foiepai t of the head The 
proboscis is extended onh when the 
insect IS feeding, when not in use, it 
IS coiled undei the head Thepicicing 
beak of the ciCiida consists of the 
mandibles, maxilkis, and labium, all 
thought to be homologous to the 
mouth pails ol the giasshoppei he labium is a long tube but is 
not inseited into the food It selves only as a sheath for the other 
mouth parts, being giooveil on its dorsal surface to form a 
channel in which lie the mandibles and maxillas, which do the 
piercing The mandibles aie long, line stylets with minute teeth at 
the end The maxillas aie sirnilai but hooked at the tips, each is 
crescent-shaped in cioss-section, and the two aie fastened to- 
gethci by intci locking giooxcs and iidges to form a channel 
ihiough which the food is diawm up by the sucking action of a 
musculai pharynx Biting flics, mosquitoes, fleas, and bed-bugs 
have the mouth p.iits adapted in \aiious w'ays for sucking blood 
Othci insects have still other modifications of the mouth parts, 
such as the sponging tongue ol the housefly 
The thomcic ii-Os of insects are modified in a \arietv of ways, 
but all aie composed ol the same basic parts (figured and named 
in the diagram of the giasslioppei leg) Land forms have walking 
legs, with terminal p.id. and claws, as in the grasshopper, for 
clinging to vegetation or other objects Houseflies have sticky 
pads at (he ups which enable them to walk up smooth vertical 
surfaces, such as glass Water beetles liavc flattened legs, fringed 
with bristles, lor swimming But the legs may serve other func- 
tions besides locomotion The walking legs of the honeybee 
arc modified for collecting food Each is hi specialized and 
quite different from the others, so that, toge.oer, they constitute 
a complete set ol tools for collecting and manipulating the pollen 
upon which the bee feeds 
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The FIRST LFG has many branched feath- 
ery hairs for collecting pollen A long one 
edge of the inner surface of the tibia is a 
fnngc of shorl, siiiT hairs which form an 
eye hush used to clean the compound 
eyes The large first joint of the tarsus is 
covered with long, unbranched liairs, 
forming a pollen brush for collecting the 
pollen giains (ImI become caught among 
the hairs of the fore part of the body 
when the bee visits (lowers This firsl 
lOiiil alsti has a scmiLirculai notch lined 
with a comblikc row ol bristles and 
known as the antenna comb The antenna 
is cleaned of pollen by drawing it 
iit'dd ofai-iLida, shoAing riPRc- thioimh the notch Asitispulledthioiigh 
..o ano sucmno Momn parps 

of the tibu which fits against the tai.al notch Comb <ind spur logethci 
are allied the a/itennu-i leaiii i 1 lie Minin i i k. is the least speci ilizod 
of the three The large lirst taisal loint is wide and Hat and covcied with 
stiff h.iiis which l(>im a biudi loi icmoving pollen liom the first legs 
and the thoiax On the lowei end ol ihe tibia is a spun., the spin, loi 
removing the plates of was liom tlu was ghinds on the ventral side of 
the abdomen fhe hind lio is (he most sp.viali/ed, being fitted to 
sarry the loatl ol pollen I’ovs of pnllm umhs oti the innci sin face of 
the very' large and flattened fiisi i nsal |omt scrap, llic pollen liorn the 
second legs and posterior pail ol I'le aluhnnen \ 'Ciiesol stoji spines, 
the peiten, on the lower end of the tini i removes the pollen from the 
combs of the opposite leg and it fills on the ouiuL\ a flattened plate 
on the upper end of the first firsal i(>iiil I lu leg is tlien tlesed sbghtK 
so that the auricle is pressed ag.iinst the end suilace ol the tibia, com- 
piessing the pollen iiiul inislinig it mi to the otiiet suilace of the tibia 
and into the polkn Iniskei fhe pollen basket is loiined by a concavilv 
in the tibia, which has, along binh edges, lone liaiis that curve out- 
wards Pollen clings togeihci and to the ba dvCi nairs kcausc it is moist 
with sccielions fiom the month \Vheti the baskets ate lo ided the Ixte 
iclurns to the hive and deposits tlic piollcn in special wa\ e.lls Prcgiciiy 
combined with sucai and other substances, the pollen mistiire be- 
comes ‘beebread’ This provides a sotiicc of ptotein for both adults 
andlarvas 

The wiNCi insects are llattcncd, two-la\eied exptinsums ol 
the body wall ^ ' fust consist ol the same parts cuticle and 

epidermis Later . .c two opposing lavers meet and the inner 
ends ol (heir cells unite, except along the channels in which lie 
ncKCS, air tubes, and blood spaces In later stages the epidermal 
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cells condense along these channels, forming the ‘veins’ of the 
wing The epidermal cells finally degenerate, and the adult wing 
IS almost compictelv made o^ tuticlc, though it may have a 
circulation of blood and some sense oigans on the surface 
Not all insects have uings The two most primitive orders 
(Thysanura and Collembola) have never developed them In 
some ot the more speci.ili/td ordcis one or both pairs have been 
lost secondarily, the Hies have only the first pair, the second 
being reduced to a pair ofknoDlikc structures, and the Ileas and 



lice Have lost both pairs Bes dcs, among the orders which 
tvpicallv have two pans ol wings there are wingless members 
In the social insects an (am castes kwk wings, and m some species 
the males have wings while the females arc wingless, or the 
opposite 

Typical wings are membranous structures stiffened by veins, 
and in many gioups both wings are of this tvpc and function in 
llight In the giasshopiijr we saw that the first pair of wings wer^. 
leathery, not used m flight, and served only as covers for the 
hind wings In beetles the front wings are still more speciahzed, 
being only stiff horny plates which serv'e to cover the hind wings 
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and much of the dorsal part of the bodv In the less speraalized 
orders the wings have a dense network, of veins, as in dragontlics 
In the higher orders, as in bees, there aie only a few large veins 
Since some wings in every insect group can be reduced to a com- 
mon basic pattern of wing venation, it is thought that they are 
all homologous, having been derived from a common winged 
ancestor 

The ABDOMEN of insccts bears appendages only at the posterior 
end, these are modilied for mating, or as ovipositois, sensory 
projections, or in other ways In the female grasshopper they arc 
used for digging a hole in the ground in which to lav eggs In the 
ichneumon Hies the ovipositor is long and sharp, and when, in 
some way, the ichneumon fly senses the presence of a beetle 
larva within a tree, the ovipositor is used to dull a hole in the 
wood and deposit eggs in the body of the larva When the eggs 
hatch, the young ichneumon larvas parasiti/c the beetle larva 
In the honeybee, appendages at the postciior end are modilicd 
as a sting connected w'lth poison glands, as some of us know from 
paiiil'ul encounters with these insects 

Ml I AMOKIMlOSIS 

In most insects the eggs develop alter leaving the female, but 
some lorms retain the developing eggs and give biith to fully- 
developed larvas In the tsetse fly even the larva is retained within 
the body ol the mother and is fed from special glands, on 
emerging, it is ready to pupate 
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Cirva, which digs a jal in the sand and lies bulled vMlh o'llv the jaws protruding mid 
held ready to grasp the first ant or other sin ill arthropod that tails into the pit 
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Not all insctls undeigo a development which involves changes 
ladicdl enough to be termed a ‘metamorphosis’ The thysanuians 
and the collembolans (‘garden fleas’, shown in the drawing which 
heads the section on vaiiations in structure) hatch from the egg 
in piacticallv the same condition as the adult They grow larger 
and lalei add joints to the antennas and some other appendages, 
but such changes aie no greatei than those undcigone by most 
animals in then development Some of the more specialized 
01 dels, like the live, have sevondaiily lost the metamorphosis 
The grasshoppei is an example of an insect with incomplete 
metamorphosis But since the nymph lives in the same habitat as 
the adult and cats the same food, this type ol metamoiphosis is 
often called (.ioxdi'vl mi i auoki-iiosis. to distinguish it liom the 
moie thoioiigimoing changes ot the iNtoMPLnt MnAMoiu'iutsis 
iindc'gone by dragonllies and mayllics These have immature 
stages which lescmble the adult in geneial body form but have 
adaptive moilihcations which hi tliem to live in another habitat 
and eat lood dilleienl lumi that (d the adult The dragonlly adult 
IS teiresliial and catches othei living insects J’he young form, oi 
NAIAO, lives in the vvatei and feeds on aquatic animals The 
most sinking changes of all aic those undergone by the insects 
With (OMPii II Ml rAM(/RPHosis, 111 whicli tlic Icoding laival stage 
IS veiy ditleient Ironi the adult not only in habit but also jii 
details ol stnictuie The most ianuliai example of this is the 
catcipillai and the buttcidy But not iill laivas aie cicepirig, 
wormlike loims which eat vegetation The ant-lion larva has a 
broad, llattened biuly and digs a pit in the sand It lies buried just 
below the centie of the pit, with only the pan of laige pinccr-like 
laws piotiudmg (as shown in the drawing 
whish Iveads this section) When an ant or 
other wingless insect stumbles into the pit, 
the sand slides under its Icet, carrying it 
down into the wailing jaws ol thelaiva The 
adult IS a winged form i elated to the lace- 
wmgs In complete metamorphosis the 
feeding larval stage and the adult are sepat- 
tited by a quiescent pupa stage in vvtiich 
tlie body of the laiva is almost completely 
biokcn down and then looigani/ed Since 
Iheie is some tissue leoigani/atioii during 
the moulting ol the giasshoppcr and other 
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insects with a gradual or incomplete metamorphosis, the changes 
in the pupa may be interpreted as a more extreme type of moult- 
ing. There is some evidence that both metamorphosis and 
moulting are controlled by hormones, chemical substances 
secreted m one part of the body and then carried in the blood to 
othei regions, where they initiate changes 

The bug Rhodntus Iccds upon blood and requiics onl\ a single meal 
between each growth pciiod aftei whieh it moults If a bug is decapit- 
ated a few days before it is expected to moult for the last time (before 
becoming adult), it w-jll si ill moult, but if it is decapitated e.irly m iIk 
last growth period, it fails to moult, though it will live for months This 
indicates that the head inllucnces the moulting Now, if the blood of an 
insect decapitated just befoic il is expected to moult is tiansfiiscd into 
an insect decapitated \eiy early m the giowth peiiod, the latici hc- 
quently moults Apparently, then, there is a lioimone, piodutcd bi 
glands somewhere m the head, whwh corUiols the moulting process 

The dcxclopmcnl, in the larva or ollici young stages, ol struc- 
tures which do not occur in the adult or in the ancestors of the 
species IS called clnoc.lnisis or ‘sidewise evolution Tlie pit- 
digging instincts of the ant-lion larva and the modification of its 
jaws as laige pinceis foi sei/ang piey are spcciali/alions of the 
young stage which adapt it to its peculiar way of lilc It is likely 
that no adult ant-lion ever dug pits in the sand oi had sueh laige 
pincer-like jaws. The specializa lions of the mosquito laiva or the 
dragonfly nymph which enable them to live in the water, wheic 
the adult w'ould only drowm, aie examples of the same thing 
Of course, all stiuctiires which adapt the laiva to its environment 
but are absent in ihe adult cannot be said to be cenogcnetic 
Many of them have been inheiilcd fiom tlie racial history of the 
group For example, the chewing jaws of acalcipiilai enable it to 
feed on vegetation, whereas the adult has a long pioboscis, 
representing a modilication of the niaxillas, lot sucking ncctai 
The jaws can hardly be considered as ‘sidewise evolution’ ol the 
young stage, for they arise as the appendages ol the fouith head 
segment, and we know that pi imitive insects aic all chai acten/cd 
by such simple chewing yaws 

m.HAMOUR IN INSLCIS 

/he bebav/onr ol msects is mostly instinctive and stereotyped, 

but a limited amount of learning is possible. Grasshoppers hd\c 

been uught vci y little, but cockroaches can be trained to go to 
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the right or left by a simple method ot punishment for making the 
wrong turn As was mentioned before, in connection with coloui 



vision and smell, bees can be taught man\ things In most species 
there IS, ol couise, a dilleiense in the instinstoe behaviour 
patterris ol the two sexes, and the female is equipped with a set of 
complex habits connected with deposition and piotection of the 
eggs In the soei.d insects there is even more dillcreiitiation, each 
caste inheriting a set ol instincts which fit it to its role in the life 
ol the c'oioiD 


nil OKDI KS Ol INSj ; IS 

l ilt cLiss INSK lA IS divided into moic than twenty orders, the 
exact number depending upon whether certain closely similar 



I lie Ui IILL IS u scdVLiHer li loIIlvis (. \cicld ol other diiinidls Here the 

beetle IS sliown usiug its hind legs to push a ball of dung toward its burrow 
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groups should be placed in separate orders or lumped together in 
one. Within each order various families are modified to follow 
almost every insect ‘walk of life’. Among beetles, for example, 
there are leaf-eaters, gram-feeders, wood-eaters, predators, 
sctivcngers (like the dung beetle shown in the drawing v\hich 
heads this section), parasites, and commensals, to mention a few 
In spite of all this diversity, the members Oi an order have in 
common the same general structure, including similar wings, 
mouth parts, and other appendages , and they also show the same 
type of metamorphosis In spite of ditfciences in shape, si/c, and 
colour, they have enough features in common for typical 
members of an order tt) be classified at a glance as flies, dragon- 
flies, termites, and so on In the photographs in this chapter, the 
important orders of insects arc presented, with illustiations of 
some ol their features, their common representatives, and a few 
of the ways m which they alfect the life of other animals, in- 
cluding man 




CHAPTER 25 

Spiny-skinned Animals 

With the arthropods we icached the j-teak of invertebrate 
specialization and sliould ha\c closed our story Unlortunatcly, 
organic evolution has followed none ol the rules of good drama- 
tic style and is full of anticlimaxes There is one more major 
phylum to be described, the Echinoderma ta (‘spmv-skinncd’), 
a group which very early diverged from the othci mam lines of 
cv olution The echinoderm body plan is utterly different from 
that of any othci pin him, and the best due to its relation- 
ship to othci gioups is the larva, which lescmblcs the larva ol 
certain piimitive mcmbeis of the phylum to which man and the 
other vertebrates belong Of this, more will be said in the next 
chapter 

The phylum is cvclusively mat me and is divided into five 
classes starfishes, serpent stars, sea urchins, sea cucumbers, and 
sea lilies The echinoderm most familiar to everyone, even to 
those who have never been near the seashore, is the starfish. 
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A STARi isH has no resemblance to a hsh and should be called 
a ‘sea star', fiom its shape, but the name ‘stailish’ has gamed 
wide usage and is hard to change 
There arc a little over one thousand species of starfishes, which 
differ in ccitain details but as a class are more similar in structuic 
and habit than the crustaceans or insects, for example 
The body ol a starfish consists of a central disc from which 
radiate a number ol arms There arc usually fivt' ol these, bui 
many species ha\c a laigci number Because of their shape, 
stailishcs were once classed with the coclenterates, but now we 
know that then ladial symmetry has nothing to do W'lth that ol 
coclenterates but has been secondarily derned from a basie 
bilateral symmetry, as wall be explained later There is no head 
and the animal can inoyc about with any one of the arms m the 
lead The mouih is in the centre of the disc on the under surface 
The body of the stailish appeals to be quite rigid but is capable 
of a considerable amount of bending and twisting The rigidity is 
provided by a mcshwoik of < \L( akioi s elaiis which aie em- 
bedded in the soft flesh 1 lom these plates pioject numerous 
( ALCARLous si'iNis, somc ol ihciii movable The flexibility results 
from the lact that the plates are not united into a single shell but 
aie distinct fiom one another and joined by connective tissue 
and muscles The skeleton is like our owm in that it is an endo- 
skclc'ion embedded in the flesh, and dillers from the exoskelcton 
ol arthropods, which lies outside the bodv It does not permit the 
freedom of movement of vertebrate or arthiopod skeletons, but 
this IS not impoitant, as the starfish cannot move rapidly anyway 
Locomotion m the slarlish is by means of a kjnd of hvdraulic- 
pressurc mechamsm, known as the wahr vascular sxsilm, 
unique to echinoderms VVatci entcis this system through minute 
openings in the siivi. flail (madrcporitc) on the upper ^urfau' 
and is drawn, by ciliary action, down a tube, the srowr canal 
(so-named because its wall is stiffened by calcareous rings), to 
the RiNc, CANAL, cncircling the disc LTom the ring canal aiise 
five RADIAL CANALS, One for each arm. Hach of these connects, by 
short side branches, with many pairs of tube fiit, hollow, thin- 
wallcd cylinders which end in suckers Each tube foot connects 
with a rounded muscular sac, the ampulla When the ampulla 
contracts, the water, prevented by a valve from flowing back into 
the radial canal, is forced under picssure into the tube foot This 
extends the elastic tube foot, which attaches to the substratum 
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by its sucker Next, the longituduial muscles of the tube loot 
contract, shortening it, forcing the water back into the ampulla 
and drawing the animal forward Of course, one tube foot is a 
\erv weak structure, but there are hundicds of them, and their 
combined elfort is capable of moving the starfish slowly over the 
ocean door The tube feet can work as described only when the 
animal is moving over a rock or some kind ofhaid substratum 
On soft sand or mud the suckers arc of little use and the tube feet 
act as little legs Moreover, some starlishes have no suckers at the 



SSAII H-VAS( M Alt SVMI Ni Ol 'ilallhll sliaVMMK ^.^SLllll,^l 'llllLlLlro^ 1 lic t ifit; v. iiul 111 l> 
li.ue 0111 or molt .tli ol vesitltt luit .I'l llitu oxati tuiutioii is not wtll kiiovTn they 
.irt omitled here 


ends of the tube leet In the diagiam of llic cross-^cuion ol the 
stailish arm it can be seen that the ampullas lie wilhm the body 
but that the radial canal and tube lect lie outside the calcareous 
plates in the centre of the under sui face ol the aim in a V-shaped 
groove (usually called the ‘ambulacral gioove', from a I atm 
word meaning a ‘walk’, because the double low of tube feet 
lining the groove icmmdcd someone of a llowct-lined garden 
walk) On cither side of this gioove ate rows ol movable spines, 
which can be bi ought together to close the groove and piolect 
the tube feet when the animal is attacked. 
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Siaiiisfii's nio\c rather slowly, hut they have no difficulty in 
njnnin*^ claun Iheir prev, for they keu mostly on dams, which 
mo'vc slilJ more slowh, or on oysters, vvhidi do not move at a!! 
Anyone who has ever iiied, barehanded, to open a Inc dam or 
oyster will uontler how it can he done by a starfish which is not 
much hipgcr than the dam it attacks The starfish mounts upon 
the dam m a hump.d-up position, attaches its tube feet to the two 
shells, and begins to pull The dam reacts to this by closing its 
valves tightly The slaiiish uses the numerous tube iect in relays, 



I i(i)ss-sn iioN (II \RM III MAkiiMi lo sluiv, l.u cotli'ni Liinii’ili.ii.K lined by u nicbo 
d(.rin,il tpiiliLliiiiii 

and IS therefore able to outlast the clam, maintaining its jiah on 
the shells unlil th, two large muscles which hold tlie \aKcs to- 
gethci become fatigued and finally relax When the shells gape 
the stailish turns the lower part ol its siomac ii mside out and 
extends it through the mouth, envelop, ng the soft parts ol the 
clam and d'gestmg them The paitly digested material is taken in- 
to the stomach and then into the five pans of digestive glands 
(one pan m each arm) which connect with the upper part ol the 
stomach Vei'y little indigestible material is taken in by this 



ot liu diKcstivi t;laiid have been spread apart to show the rows of anipullas and the sc* 
or^i.ms The upper part of thi. stomach is unsliad^d, the lower part, stippled 

method ol Icctlim', and this accounts for the lad that there is 
practically no intestine and that the anus, a \ery small opening 
near the centre ol the iippci surl.iee, is iiscti verv little, it at all 
When the starhsh cats a sin.ill clam, it mav lake the whole animal 
into the stomach, the shell is later ejected Irom the mouth 
Running beneath the water \ascular system aic fluid-lilled 
channels of uncertain function, but there is no well-organized 
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circulatory system The distribution of materials is provided foi 
by the large ( oi lom lying between the body wall and the digestive 
tract and filled with a fluid w'hich bathes all the organs and is 
kept moving by cilia on the coclomic lining The thin walls of the 
tube feet peimit gaseous exchanges, but they are not the mam 
organs ol respiration Opening from the coelom are many small 
fingei-like proiections, the skin-(1(i,ls, which eOend from the sur- 
face ol the body thioiigh spaces between the calcareous plates 
They have \ery tliin walls ihiougli which oxygen diffuses into 
the coclomic lluid and carbon dioxide diffuses out 
The delicate skin-gills w'ould be m a dangciously exposed posi- 
tion il It w'cie not tlial they he among the heavy spines and are 
further piotcctcd bv the pfuiclilarias. small pincers which 
occur in the spaces between the spines or in clumps around the 
bases ol spines When a sniidl animal creeps over the suilace ol a 
starfish, it is caught and held bv the toothed jaws of the pcdicel- 
larias, which, togethei with currents created by cilia ot the sur- 
lace epithelium, serve to protect the skin-gills and keep the sur- 
face free ol any debris which w-oiild iiiterlere with respiration and 
excretion 

There is no spcciali/cd exetetorv s'Mcm LX(Rriio\ is ac- 
complished by amoeboid cells in the coclomic lliiid which engulf 
nitrogenous wastes and then escape through the walls of the skin- 
gills Piobnbly also exvietory aie 
two biaiKhed pouches (shown 
in the diagiam ot the digestive 
system) which he in the coelom 
and open into the intestine neai 
the anus 

1 Ire \i Rvrios svsii m is simple, 
asm most slowly-mov ing amm.ils 
A ring ol neivous tissue enciicles 
the nrnith and gives off live radial 
neives which extend ukuig the 
middle ol each arm below the i adial 
canals of the w aler vascular system 
Theic IS also a decpei-ly mg ventral 
system and one neai the upper 
suridvc The sense organs arc 
poorly developed Sensory cells, 
which occur all over the surface. 



Snull poii'on ol the sukiaci oi a 
STAKrisii to ihow the (klieaic 
Uilh occupMiiij the spaces betwtcii 
the large proleciive Ihc tinv 

pecUtdlanas on.ui m ‘rosettes' 
around iho bases ol the spines and 
also among the ' km-uills 
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are sensitive to touch At 
the tip of each arm is a pig- 
mented eyespot and a shoit 
tentacle, thought to be 
sensitive to fond or other 
chemical stimuli 
Two OVARIES or rrsiis 
he in each arm and open dii- 
ectl\ to the exterior through 
small pores m the angles of 
the arms The eggs and 
spei ms of slarhsh, like many 
othci maimc animals, ,ire 
shed into the sea water, 
where lertilization ocuirs 
Since the eggs and spei ms 
are nioie easilv obtained Iroin mvituic stailish and sea urchins 
than Irom most other animals, they have been much used by 
embrvologists to study the mechanisms of lertilization and caily 
development Eggs and sperms are single cells which cannot sui- 
vne long m sea watei , unless an egg is lerlilized wathm a short 
time, It peiishes Spei ms arc attracted to the egg, and the first 
one that penetrates the membrane (which it docs rapidlv, leaving 
its flagellum outside) staits a physicochemical change such that a 
large amount ol lluid collects beneath the mcmbiane, elevating it 
and seivmg as at least one of the laciors which pi event other 
spei ms fiom cnieimg The speim nucleus migrates tow'atds (he 
egg nucleus, and both undergo changes prcparatoiy to the lirst 
cel! diMsion, which is initiated by the entiaiicc ol the sperm 
I ach nucleus bungs the heieditary contributions of one parent 
to the new’ mdnidiial 

By siibiccting unfcitilizcd eggs to various siimiili, such as certain acids 
01 concenUated sea watei, it is possible loacmaie theege and cause it 
to dicidc, thus duplicating llie. clicci of the spenn The lar\a which 
dcvclo[)s IS normal in every wav, though, ol coiiisc, it has no paternal 
characteristics Strong centrifuging of uiifertili/cd eggs causes them to 
become dumb-bell-shaped and finally to break in two The lighter 
halves contain the maternal nuclei, the heavier, non-nuclealed halves 
can be collected and fertilized by adding sperms to ilic dish The larvas 
thus obtained have a father but no motliei Such methods make it 
possible to isolate maternal and paternal characteristics and also 
to prove that the reproductive cells of both sexes make equivalent 
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conlributions to (he heredity of the offspring Finally, fertilized egg^ 
can be Lcnlrifiigcd stiongly until they break in two The nucleated frag- 
merii develops normally I'he non-nucicated fragment divides several 
times but evenlually dies (like the Euplotcs from which (he small 
nucleus was removed, see p 36, Vol I) From these experiments we 
can sec that cither a male or a female nucleus is sutlicient for de- 
velopment, but apparently at least one nucleus is necessary for 
continued differentiaiion and life 

Allci Icitili/dtion the zygote divides into two equal cells, and 
these divide into four, eight, sixteen, and so on until there lesults 
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a hollow lu xsri.i A, which is ciliated and swims about By the 
end of the lirsl d.iy after hatching from the egg, the fiee-swim- 
miiig blastula has been transfoimed, by an infolding ol the cells 
at one pole, into a two-layered oasirula with an outer ectoderm 
and an inner endodeim This inlolding ciowds out most ot the 
old BiASTUiA (AVin (blastococl) and produces the I’KiMiTivr 
Gur CAVITY (archenleron), which will later become the cavity ot 
the digestive tract The opening into this new' cavity is called the 
BLASioROKi Through the gaslrula stage the embiyos ol most 
animals are essentially alike, although they diffet in size, in rate 
of development, in amount of yolk, in the equality of division 
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of the cells, and m the particular way in which the gastrula 
becomes tw'o-laycrcd As development proceeds, the number of 
differences increases In the starfish the next stage is char- 
acterized externally bv the elongation of the lar\a, a decrease of 
cilia over the general surface, and an increase in the cilia along 
definite hands In the meantime important internal changes take 
place brom the endoderm arise two out-pocketmgs, which 
giadually pinch off as two coelomic sacs These eventually give 




use to the f orroM and its derivative, the walci vascular system 
Up to tins point the larva has been bilaterally symmetrical 
[Jut alter each eoclomie sac divides into an antetior and a 
poslciior poilam, changes begin which tiansloim the bilateral 
laiva into a ladial adult The Icit antciioi coclomic sac sends a 
liibulai outgiovvlh to the uppei sm lace, vvheie il opens by a pore 
in the ectodeim C ilia lining this tube diavv water into the coelom, 
and this poie canal is the foierunncr ol the stone canal of the 
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adult In some starfishes the bilateral symmetry persists some- 
what longer, and the right anterior coclom also sends a pore 
canal to the upper surface, though this canal finally closes up and 
IS lost This suggests that the ancestral starfish originally pro- 
duced similar organs on both sides, and that the radial con- 
dition of modern starfishes is a result of the degeneiation of the 
right-hand side of the cmbiyo and an ovci-giovvth of the left 
side The hind portion ol the left anterior coclom soon produces 
another hollow outgiowth, which enciicles the mouth and be- 
comes fivc-lohed. This is the beginning of the watci \ascular 
system (showm in solid hlaek in the diagram) The ciitular out- 
growth becomes the ring canal, and tlie fixe lobes represent the 
rudiments ol the futuic iiulial canals Dining the dcvcKipnicnt 
of the coclom and its dciivatncs the endodeimal la\ci dilfei- 
entiatcs into the oesophagus, stomach, and intestine, the blasto- 
pore serves as the lanal anus The oesophagus bends vcntially 
and meets a tubular ingiouth fiom the ectoderm, which bicaks 
through to lorm the mouth Meanwhile, the external surface 
ol the larva has been gieatly expanded by tlic extension of lobc- 
like processes which enable the larva to float easih ( eitain ol 
the ciliated b.inds are earned out on these piocesses, and the 
beating ol then cilia piopels the lar\a about I ood-bearing 
cuiients aie created by the cilia on bands neai the mouth 

The Iree-swimming starfish laiva (called a bipiimana) has 
bilateially symmetiical lobes bcaiing ciliated bands Othei 
echinodeims have similar but distinctive laivas, some of them 
with veiv much longer lobes At least in the cailier stages, all 
cchinodeim larvas have certain characteristics in common They 
are bilateially svmmetiical, swim by means ol longitudinal 
looped ciliated bands, have a siinilai d'gestive tiael aiul a coelvun 
which cmmects with the uppei suihiLC bv a tubular canal All 
this suggests that there must have been some ariccstial ediino- 
derm laiva whi.Jt embodied all these Icatures and from which all 
the dillcient classes ol echinoderms have been deiived This 
hypothetical aixestial larval type (called the diplcutula) contiasts 
strongly with the Irochophore-likc ancestor from which, it is 
believed, has come the llatworm-mollusc-annelid stock. 

To letiirn to the stailish development, we sec next that the 
bilateial larva settles down on some solid object and remains 
temporarily fixed while it becomes transformed into the adult 
starfish. The left and nght posterior coelomic sacs form the 



SPINY-SKINNED ANIMALS 




general body cavity of the adult. The 
larval mouth and anus close, and a new 
mouth breaks through on the original 
left side, while a new anus opens on the 
original right side, thus producing an 
adult axis at right angles to the larval 
axis The radial canals grow out and 
develop tube feet And the first signs ol 
the adult body foim appear as live 
elevations ol the ectoderm 

The ssinmctry of the adult starfish 
IS called sfcondars radiai s^mviftry, 
because we believe that it is only sec 
ondarily derned fiom an originally 
bilateral ancesloi This is suggested 
in the adult by the asymmetrical position 
ol the sieve plate But the most lmp^Mtanl 
CMdcncc comes fiom the larval development in which, by a 
piocess ol asymmetiical growth the bilateral laiva is converted 
into .1 ladial adult 

The fact that the bilateial starfish laiva becomes tempoiaiily 
attached dining the time that it changes over into the ladial adult 
IS very interesting in view ol what vc believe to be the anccstial 
hisloiv of echinoderms The earliest-known echinodcim kissils 
aie lived types. And some ol the modem sea lilies (a class ol 
echinoderms) have a ficc-suimmmg bilateial Ian a vchich 
becomes attached and then metamorphoses into a peinuincntly 
lived adult As we have seen bclore, bilateral symmetiv is the 
symmetiy ol fast-moving animals and radial symmetiv seems 
best suited to sessile animals, which must meet then eiiviionmcnt 
on all sides It is consideied likelv. theiefoie, that the aiicestial 
echmodeim was a bilateral liee-living animal which became 
radial and took up sessile habits sccondaiilv, and that the 
modem liec-!ivingechinodcimsaie deiived fiom a lived ancestor, 
whosesvmmetiv thev ‘^tillietain 

Si A iiR( HiNS seem veiv unlike starlishes, yet they have the 
same fundamental structure. A sea urchin looks like a huge 
animated burr with long shaip spines that are movable and aid 
the tube feet in locomotion Instead of numerous small stony 
pieces embedded in a musculai wall, the sea urchin has plates 
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which arc fused lo foim a loundcd shell completely inclosing the 
soft parts In the centre of the lower surface of the shell is an 
opening for the mouth, and the anus opens by a small hole on 
top Radiating upward from mouth to anus aic five bands of 
minute holes through which the tube feet project These five rows 
correspond to the rows of tube feet on the five arms of the star- 
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lish If we imagine the arms of the stariish trending upvsard to 
meet, and if, at the same tunc, we lill m the angles between them 
by derating and rediicing the si/c of ihc (.list so that the sieve 
plate will he at the ends of the tows ol tube lect, we can sec how' 
the round sea urchin is simdar to the Inc-raved startish 
The sea uichin has the same l\pe ofwaiwi \ascular srstem that 
was described for the stariish, but the lect aic moie slender and 
much longer, since they must project beyond Ihc spmes The 
pedicel laiias have three jaws and are usually on long stalks The 
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digestive tract is longer than that of 
the starfish, and the sea uichm feeds 
mostly upon vegetation, which requires 
more prolonged digestion Aiound the 
mouth IS an elaborate set of five teeth, 
ai ranged radiallv and worked by muscles 
m such a way as to chew the food The 
stomach cannot be tuined inside out. 
and the intestine is long and coiled The 
anus IS functional and is located to one 
side of the sieve plate Othei sysiems 
aie vciv much like those described foi 
the stall ish The gonads open from live 
pores neai the sieve plate 

I HI othei Cchinodeim gioups - biitilc 



stars, sca cuciimbeis, and sea lilies - all deviate fiom the starfish 


about us much as the sea urchin but have characteiistically a 


spinv 01 leathciv skin, a water vascular system based upon a plan 
of live or multiples of live, an extensive coelom, and a bilateral 
larva These groups are illustrated by photographs 
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Tur only ma)or group we have not \a eonsidcrcd is the phylum 
CiioKiMTA, composed almost entirely o( animals Hith back- 
bones and thercfoic no proper subject lot this book There are, 
howeser. a few ‘lower chordates’ which have no vertebral 
eolumn These are mostly inLonspituous animals, seldom seen 
or at least not usually noticed None is ol much cxononiK 
importance, though the amphioxus is so abundant on the sea- 
coast of ( hina that during certain months these small animals 
aie collected by tiie tc'n loi human consumption 
The amphioxus, and the other invertebrate chordates, the 
tunicates and acorn worms, arc inteiestmg chiefly because they 
shaic with the vertebrates certain distinctive characters found 
nowhcie else in the animal kingdom, and so serve to link the 
vertebrates with the invertebrates 
These chordvite characters are all well shown by the amphi- 
oxus {‘sharp at both ends’), a small, laterally compressed, semi- 
transparent animal which lives in shallow manne waters all 
over the world It can swim about bv fishlike undulations ol the 
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hddy, but spends most of the time buried m the sandy bottom 
with only the anterior end protruding above the surface. In this 
position It Iceds by drawing into tlie mouth a steady current 
ol water, fiom which it strains suspended microscopic organisms. 

The most distinctive chordate character, and the one from 
which the name ol the phylum is derived, is the notochoro, a 
i.ii iilagc-like rod which extends the length of the body and gives 
support to the so!t tissues It serves as a rigid but (lexible axis 
on which the soft muscles can pull, and so permits powerful 
side-lo-side iindiilatoiy movements of ttie whole body, which 
lany the animal through the water with a speed unattainable bv 
llabbv animals like the planaiia or the nereis 
The strong, swilt swimming movements ol aquatic chordates, 
made posable by ;i flexible intcinal support for the muscles, 
were piobably a maior factor in the early success of the group 



Besides great miisculaiily (a> shovvn in tlu cross-section of the 
amphioxLis), choid.iies aic chaiacteii/cd hv ilv prolongation ol 
ihe bod', bevond the anus as a tail, a region speciali/cd for 
svvimmiir; and containing little else but the skeletal axis, nerves, 
and mu.^lcs In the amphioxus the tail is veiv small, and there 
ate no paiied fins as in fishes , but lunning along the entire dorsal 
suiface, and extending aiound the iiosteiioi end on to the ventral 
surface ol the body for a short disUince, is a ridge supported by a 
senes of gelatinous jin-rays 

I he notOLhord is derived fioin the roof of the piiniitive endoderni and 
w prcscni in the embryos ul all oho, dates including man fn primitive 
vcrtebr.iles (lampicvsj and some fishes the nolochoid pcisMs, and the 
backbone, which is composed of a scries of liard separate vertebras 
and IS stronger though )ust as flexible, forms around it In all higher 
veitcbiatcs the backbone replaces tlic notochord as the mechanical 
axis of the body 
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A second choidJie character is the dorsal tubular nfrve 
CORD fn all other invertebrates which have been described, the 
principal ncr\c cord was ventral or lateral in position , hut in the 
amphioKus and othei chordates, it lies between the notochord and 
the dorsal skin and is hollovv From the cord go a pair of nerves 
to each of the seginentally arranged bundles of mu-sclcs 
The third important chordatc character is the structure of the 
pharynx, which is perfoialed by pairs of slitlike openings The 
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pHARYNt.i XL tilt I SMI .0 iiamcd bccausc thc> ha\e mainl\ a 
respiratory function in lishes, in the amphioxus serve chiclly 
as an apparatus for sti anting food Irom the water \ he phaiynx 
IS lined with cilia, which beat inwaid, producing a steady current 
of water that enters the mouth and passes out through the 
pharyngeal slits, leaving behind the suspended particles The slits 
do not open diiectly to the extenoi, as in lishes, but into a 
chambci, the cinuwi, which surrounds the pharynx and opens 
to the extenoi by a pore some distance anterioi to the anus The 
atrium is lined with ectoderm and is formed, in the embryo, 
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by the outgrowth of two folds of skin, one on each side, which 
finally fuse in the mid-lme The walls of the pharynx, being 
perforated from top to bottom by the vertical gill slits, would 
collapse it It were not lor a supporting framevvoik of rods which 
run in the walls bounding the gill slits The tissue with its rod. 
w'hich lies between any two gill slits, is called a gi// bar 

The amphioxLis cmbiso has about si\i> pairs of gill slits (and they in- 
crease in number as the animal giows) This large and indefinite 
number is a [irimitivc condition and in the shark, for example, there 
are <ilways six gill slits Land \eitcbratcs which bieathe by lungs 
have no gill slits in the adult stage, hut the slits make a fleeting ap- 
peamnee in the embrvo The human embivo develops gill pouches 
but slits ne\ei break through 

fxcept for (he gill slits, most of the structures associated csitli (he 
teeding mechanism of the amphioxus aie peculiar to (he animal and 
must not be Ihoughi ol as piimitivechoidateehaiacteis At the anterior 
end ol the animal is a funnel-like hood fringed with a low ol sensors 
tentacles At the back of the hood is the ,/i mih. a ciiciilar apcrtuie 
bounded by a rim of small tentacles which can be brought together to 
form a kind ol strainer for keeping out laige panicles fhe cilia m the 
pharynx beat inward and downward, S(t that water drawn into the 
mouth IS directed lowsird a iiluiicd i^ioovi in the llooi ol the phaivnx, 
where the suspended oiganisms aie dapped in mucus B\ the action ol 
the cilia the lood-laden mucus is moved torwaid to the antciioi end ol 
(he pharynx upwards on each side, and then backwards along a cili.ited 
eroovc in tJie lool ol the phaivnx, to the tnle\lm fhere (he food and 
the mucus arc digested and almost completely absorbed From the 
antciiorend ol the intestine is given ol! a hollow gland, the /nc/, which 
extends iorwaid along the right side of the pharynx and can be seen m 
(he cross-section This gland secieies a digestive (luid, and since it 
irises in the same w.o as (he veiiebiate hvei, by .m oiitpocketing of the 
digestive liaci, the two organs .ire thought to be homologous Further, 
the blood leaving the capillaries ol the intestine ol amphioxus is not re- 
turned to the general ciiculation until it has passed through the capill- 
aiies ol the liver .Such a path lot the blood is found nowhere else 
except in vertebrates, and it luinishes sinking evidence th.it (he am- 
phioxus IS descended from the same piimitivc stock w'hich gave rise to 
(he backboned anim.iK 

The cinulatoiv swfcm is a closed one, and there is no heart, the 
blood being pum[x;d bv (he contiactilc ventral vessel In this connec- 
tion It is interesting to noic that in all vertebrate embryos the blood is 
first pumped by a simple, pulsating tube which only later becomes bent 
and constricted to form (he heart The blood receives oxygen as it 
flows through vessels in the gill bars, which are in close contact with the 
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Steady current of water passing through the pharynx After passing 
through the gill bars, the blood flows into two \essels, the dorsal 
aortas, w'hich unite behind (he pharynx into a single vessel that sup- 
plies the intestine Wastes are extiacted fiom the blood by exc/cli>r\ 
orji^iins, a pair to each pair of gill slits, which he against the dorsal 
wall of the phaiynx and resemble, strangely enough, the excretory 
organs of annelids The cudorn of the amphioxus has been partly 
crow'ded out by the expansion ol the atrium In the pharyngeal legion 
It is represented only by two small cavities, winch lie, one on each side 
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of the pharynx, tibove the atrium The sexes arc separate, and the 
nprodiicnw’ niK'dH'' ^ire paired, segmcnuilK repeated pouches winch lie 
along the sides of the body and push the atiial walls inward, so ih.it m 
the cross-seclion they appo,ir to he in the caxitv of the atrium 
There are no paired eyes or other w-e 1 1 -developed sense organs, 
though tticre is a large pigment spot at the anteiii'r tip of the nerve 
cord and a low of smaller pigment spots along the lower edge of the 
cord The nerve cord docs not expand at the anterior end into a brain 
but IS tapered to a point The apparent simplicity of the sense organs 
and central nervous system is probably not a primitive condition 
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but IS. more likely, a degeneration of the head region associated with 
the sedentary habits of the animal 
In spite of Its poor nervous system and various specializations 
associated with its particular way of life, the amphioxus is the 
only living form to which we can look foi a concrete idea of what 
the primitive chordales, which gave use to the veitebrates, might 
have been like 

The tunic at ts aie so named because the ouiet layer of the body 
wall IS a lough, often translucent 'tunic' made of a matciial 
very much like the cellulose of plants Some tumcales are free- 
living and swim neat the surlacc. but most toims aic sessile 



Uvd immlitr'. (>l .1 H'nk mi (dioni I Iil\ .ire eniliLiklcil in a Liimnion 
mine miel sliari llie '>.(mic nliiiil e>|'eiiiiig Cut li.ivt -.tp.irjle moullis (\leieli 
lieJ .illei Del. ire anel Heiem.nel 

glowing permanently attached to rocks oi seaweeds The 
Simplest kind hioks like an upright sac with two openings one 
at the top. and one somewhat lower dow'ii on one side When the 
animal is disturbed, the body wall conliacts suddenh, and the 
water contained witliin the bod\ is forced out in two lets hence 
the common name 'sea sqiiiii' The inteiioi ol the body is 
occupied foi the most part by a large saclike phaiynx perforated 
bv mans lOws ol pluuvn^n’ul sins C'llia lound the edges of the 
slits cicdte a cm rent which diaw's watei into the mouth at the 
top, thiough the pharyngeal slits, and out into the atiiiim, a 
cavity sui lounding the pharynx Food particles arc tiapped in the 
pharynx, and watei leaves by an opening from the atrium 

The atrium also serves as an exit for laeces and sex cells, since the anus 
and sex organs (the animal is hermaphroditic) open into the atrium 
There are lew real blood vessels, the blood (lowing mostly through 
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spa(.es among the Iismics I nc heart is remarkable in ih it it drives tne 
blood in one direction during several beats and then reverses the direc- 
tion 

Many tunicates reproduce asexually, as well a-, scxuallv The buds 
fail to sep.irale and the individuals remain together as a colons, em- 
bedded in a common tunic, which, in the case 
of sessile tunicates, grows ,is an encrusting 
mass over the surface ol rocks, shells, oi se.i \ ^ 

weeds The members may be arranged in \ \ 

small groups, and in the colonial tunicate \ ' \ 

shown m the drawing which heads this V' \ 

chapter, there are ioiii such gioups represented \ \ 

Each IS stai-shaped, and at the tips ol the rays \ \ 

are the separate mouths of the several members \ \ 

At the ccniie ol the stai is a common opening \ 1 

for the exit of water I ^ 

Except lot the gill .slits there is very little I 1 

about such a simple, sessile animal to suggest I % 

any reason for including it in the same I ‘ ^ 

phylum with lishes or mammals But the V iJ/ 

development ofa tunicate tellsanotherstor> 

The larva is a free-swimming animal that 
reminds one of a tadpole It has a large tail 

WIUI pS»ryfi9»4l gill tills J/ 




ACORN WORM (Alter Buicion , 



INVERTEBRATE CHORDATES 345 

which contains, besides muscles, a W'ell-developed notochord and 
a dorsal tubular nerve coid The trunk contains, in addition to 
other organs, a phatvnx with slits The larva finally settles down 
on a rock, loses the tail containing the notochord and nerve cord, 
and revamps its w'hole stiuctuie m adaptation to its sessile life 
The adult has no trace of a notochoid, and the neivous system is 
icprescnted only by a ganglion in the dorsal icgion of the body 
between the two openings Here wc have anothci striking example 
of how animal relationships can be established thiough a study 
of the young stages, even though the adult is a degenerate form 
whose similarities to othei animals aic quite obscuie 



r HE most primitive of the invertebialc choidales are the acorn 
WORMS, soft, elongate animals which burrow in the s<md or mud 
of seashores At the anlcrioi end ol (he body is a muscular pro- 
boscis loined by a natiow stalk to a short, wide collat The worm 
shown in the accompanying diawing has a long cylindrical 
proboscis, but in many forms (as in those in the di awing at 
the head of the chapter) the proboscis is ovoid. Its shape, and 
the way it lits into the collar when not extended, reminded some- 
one of an acorn - hence the name of the worm The proboscis 
and collai aie muscular and arc used in burrowing. The proboscis 
IS forced through the sand, with the collar following. The dis- 
tension of the collar firmly anchors the antei lor end of the worm, 
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SO that contraction of the 
muscles in the trunk region 
tlraws the trunk foward 
The mouth is in the middle 
of the ventral surlacc, at the 
base ol the pioboscis and con- 
cealed bv the edge ol the 
collai As the animal burrows, 
sand Ol mud passes into the 
mouth, through the digestive 
tiaet, and out the anus at the 
posteiioi tip Oigamc inatei lals 
picsent in the sand or mud aic 
digested Watei taken in is sup- 
posed to pass out thiough the 
phaiMijival ill!! sins which open 
thiough the dr)i sal wall ol the antciioi part (d the iiunk 
The ncivous system consists of a netwoik ol neive cells 
extending under the whole ol the surlace Cctodeim and in the 
trunk legum is concentrated along the mid-cioisal and mid- 
vential lines ol the bodv as two neive cords ()nl> the ilofsai 
(Olds extend into the collar where it is especiallv thick, and in 
some species ol acoin worms it is hollow suggesting a resem- 
blance to the tubular, dorsal neive cord ol a l\pic<il chordale 
The uounhon! is thought to be leprcscnted b\ a shoit rodlike 
outgrowth ol the anteiior end ol the digestive tract into the base 
ol the proboscis fhis outgrowth stienglhens tlie pioboscis and 
IS composed ol vacuolated cells like those in the notiKhoid ol 
the amphioxus, but whether it really coi responds to the noto- 
chord ol typical choi dales is not deal 
Apait fiom then inteiest as animals which appeal to have 
blanched fiom the carl> choidatc stock, the acorn worms, 
thiough then larvas. lurnish one ol the lew real dues that link 
the choidates with anv (Uher phvlum The larva ol the acoin 
worm looks so surpiisingiv like the laivas ol certain eehinodeims 
that they can be mistaken for them Moreover, similaiitics 
extend beyond the stiuctuic oi the two organisms and include 
several details in the formation of the coelom and other parts 
The later development of the larvas is veiv dilfeienl, for the 
echmodeim larva metamoiphoses into an adult with a kind of 
radial symmetry, while the adult acorn w'orm is bilateral 
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Members of the phylum Choi data all have, at some time in 
their life-history, a notochord, doisal tubular nervous system, and 
pharyngeal gill slits But in most other respects they tall into four 
groups - vertebrates, amphioxus, tunicates, and acorn worms - 
so ditferent that each is designated a subphylum Of the three 
groups of in\ertebrate chord.ites, the amphioxus is most, and 
the acorn worm least, like the veitebiates Since acorn woims 
h.i\e only a poor excuse for a notochoid and dorsal tubular 
nerve cord, some zoologists question whether they deserve the 
status of chordates at all, and would place these woimlikc animals 
with gill slits m a phylum by themselves 
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Records of the Invertebrate Pas( 


Ai T animals ha\c Idt none o( the bnih cciulitaios, mar- 

riage conliacls, lomhstonc insciiptions, oi wiitten documents 
upon whieh students ol human history depend so much, thcie are 
abundant records ol the inscrtebiatc past not gist ol the past 
few thousand years but ol some 550,000,000 \e<irs or moie 

Any csidence in the materials or roeks ol the caiih s trust that 
gives some idea ol the si/e, shape, or structure ol the whole or 
any part ol a plani or animal that once lived is called a fossil 
The name is derived from the Latin 'to dig' bct.iuse it was, a! 
one lime, applied to almost anv thing ol inteicst that was dug up 
Coal IS an indication of past hie, but it cannot be considered a 
fossil because by itsell it gives no idea ol the organisms which 
were responsible for its formation Nor would we classily as a 
lossil any emptv snail shell that turned up while we were digging 
about in the garden, for not only must a fossil have something 
of the character ol an organism but it must have age The exact 
age at which animal remains become fossils is not fixed, most 
fossils arc evidences ol organisms that lived at least 25,000 
years ago, and most, though not all of them, are of species now' 
extinct 

Fossils can be formed m a variety of ways The rarest, but also 
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the most interesting, kinds arc Animai.s preserved with little 

OR NO CHANGL FROM I HEIR CONDITION AT THE TIME OF DEATH 

Such arc found in considerable numbers in the amber ol the 
Baltic region of liurope, which in early Oligocene times (about 
38.000.000 yeais ago) was covered with a dense coniferous 
forest Drops ol' gummv resin, dripping from the liccs. trapped 
spiders and mites scurrying across the lorcst floor or insects on 
the vMng The sticky resin, on lossili/ation, became haul amber, 
and the arthropods embedded m it aie piescived mlacl, some- 
times e\cn with their colours unchanged So perfectly embalmed 
are some ol the specimens that ihcv have been dissected and then 
mtesdnal parasites examined Less complete, hut much more 
common, unaltered I ossi Is arc the shells ol molluscs and brachio- 
pods, which, even alter millions of years of preservation m the 
rocks, may still leiain their colouis oi lustre 

Most lossils, however, have undergone some change since the 
death of the organism Horny coverings, such as the chitinous 
exoskelctons ol arthropods, leave only thin films or (arbon in 
the rocks ( alc.ireous shells and other skeletal structures are 
slowly dissolved by water percolating thiough the giound and 
are graduallv replaced by minerals, such as calcitc. silicon 
dioxide, or iron sulphide, which aie deposited in the cavities left 
by the slow dissolution of the original materials Shells may be 
completely dissolved awav, leaving only a cavity, on the wall of 
which IS a MoLiia) of the exteinal suilacc of the shell Or the cavity 
later may be tilled with some mineral, (ormmg a cast ol the 
original fossil 

As we w'oiild expect, the vast maioritv ol animal lossils are of 
forms with hard parts calcaicous shells or spicules, horny 
coverings, exoskelctons or jaws, and silicious coverings or 
spicules But even veiy solt animals like jellyfishes may leave 
IMPRESSIONS on solt mud which, if soon covered by a layer of 
line sediment, may eventually be preserved when the mud 
haidcns into rock In a similar way there have been formed 
many of the indirect lvidenct.s ol the lormer activities of 
animals Tracks or trails impressed on muddy or sandv bottoms 
sometimes indicate the kind ol appendage that left the record 
Burrows in mud or sand and bounds in rocks can be identified if, 
as in the case of sea urchins and pelecypods, the shells or parts 
of the shells arc left m the cavities Certain fossil markings, 
either straplikc in form or resembling the pellets eliminated by 
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living animals, arc interpreted as fossilized animal excreta In 
some cases these copiolitcs, as they are called, have revealed what 
the extinct animals fed on 

In order to be fossilized an animal must be buried at the time 
of death or very shortly thereafter, otherwise the body is likely 
to be eaten by seaxengers or disintegrated by bacteria fossils 
FORMti) ON I AM) <ire rekitivelv lare, lor, e\cii when land animals 
arc toxered by wind-blown earth oi sand lapidlv enough to 
escape dcsiiuction bx seaxengers or bacterial deeax, the potential 
fossils are soon remoxed by erosion Only und..i exceptional 
conditions, such as prevail when an eruption traps animals uiulei 
heaxy lavcis ol xolcanic ash oi diipping lesin accumulates ovei 
long periods or land animals are caught m Hoods and are earned 
out to sea do we gel lossils good enough to contribute to our 
sketchy picture ol <mcient teiiesiri.il lile lossiis oi makini 
iNVEKTiiiRAii s, howcvci, .irc xerx abundant, lot lapid buii.il is 
easily accomplished in shalkw. sea watei, where theie is constant 
shifting of the mud or sand .it the bottom Later, when b\ 
geological processes these marine sediments have been uplilted 
from the sea bottom, they present .i legible record, with the 
earliest animals preserxed m the lowermost l.ivers and the most 
recent types in the uppermost strata In most places xxc c.in 
examine only the lavers iairlv close to the surf.ice, and we haxe 
no access to the hundieds ol millions o( (ossils in the uiulerlxing 
rocks Oxer certain l.irge .ire.is however, the older locks have 
been exposed bv uplilt and erosion riiev can also be examined in 
places like the walls ol the (jrantl ( anxon ol the ( olorado, 
where the rixer has cut a cross-section .i mile deep through the 
earth's crust 

A systematic study ol the fossils found in the successixe kivers 
of rock reveals, not only that animals h.txc been present on the 
earth during at least 550,000,000 years toi which we have good 
fossil records, but that the deeper nr go into the tock \ the less and 
less fanuhar are the fossils which ire find Those a mere million 
years old are ol animals much like living loims Those several 
million years old are more different, and those still older belong 
to orders, and even to whole classes, ol animals which no longer 
exist In other woids, the fossil record furnishes direct cxidcncc 
that animals were not always as they arc today, and that modern 
forms, which do not occur as fossils, must be descended, by a 
pnxess of gradual modification which w'c call oieanu e\ohilion. 
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from the earlier and simpler animals whose remains we find in the 
rocks In some cases the iccord is so complete that wc are able 
10 trace the gradual evolution, from one layer of rock to the next, 
of a definite structure or set ol structures, all intermediate stages 
from the most primitive type to the modern living form being 
present 

Strangely enough, the science ot ancient life, or paleontology, 
has been developed not bv biologists who have been busy enough 
studying living animals, but by geologists, who have demon- 
strated that the locks of the various periods in geologic time are 
characten/cd bv a distinctive assemblage of animal and plant 
lossils Certain of these fossils, which arc world-wide in distribu- 
tion. distinctive, and restricted to limited periods in geologic time, 
serve as maikers or index Ams//\ by which rocks ol anv pciiodcan 
be recognized no matter where thev occur 

(iroLOCiK At time has been divided into six eras, the end of each 
maiking the time ot some significant geological change, such as 
conlinental uplift and mounl.iin-huilding Shorter and less pro- 
found changes m the face ol the earth foim a basis foi dividing 
each ol the eras into a number ol periods 

The Hist, 01 \/oi( (‘no life’), era maiks the origin of the earth 
from the sun and the formation ot rocks, no life w-as present 
This period lasted ovei 1 ,() 0 (),()() 0 ,()(}t) veais (a time estimate 
based on several lines of evidence, mostly on the rate of disinte- 
gration of radioactive substances) In the second, or AR('HF07oir 
(‘primitive lile’) era, there was extensive volcanic activity and 
mountain-building ff life had evolved, the rocks show little 
evidence of it, though they do contain carbonaceous material, 
probably an indication ol piiinitivc algae Pcriiaps one-celled 
animals appeared at this time Rocks of the proterozoic (‘first 
life') era have only rarely yielded a recognizable fossil, yet this 
era must certainlv have been a time of great evolutionary 
development, for by the Cambrian period, the first period of the 
PALEO/OK' (‘ancient life') era. the animal kingdom is already 
highly diversified Nearly all phyla which leave any kind of a 
fossil record arc well represented in Cambrian rock« - many of 
them by several groups, which already show the distinctive 
characters of modern classes Why pie-Cambiian fossils are so 
rare is not yet undci stood, though many possible explanations 
have been suggested Two of the most plausible ones are that 
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animals did not evolve hard, preservable parts until the Cambrian 
and that the pre-Cambrian rocks, being very ancient, have been 
subjected to so many sti esses that any fossils which they once 
contained have been destroyed In any case, the earliest vvell- 
piescrved, abundant fossils arc those laid dowm in the Cambrian 
period, and liom that time on they inciease steadily with the 
expansion ol the various groups. By the Oidovician, the second 
period of the Paleozoic, many invcitebiate groups aie at their 
peak of abundance, and vci lebrates 'ate alieady on the scene 
At the close ol the Paleozoic, many ol its most important in- 
vertebrate groups ba'ome extinct The miso/ok (‘middle lilc 1 
IS an era of waning mtlucnce foi many maime inveitebrate 
groups, though certain laige, shelled cephalopods leach then 
climax duiing this lime At the Iseginnmg ol the (tno/ok 
{'recent hfe')ei.i Iheic appeal many of the moie modem Ispesol 
inveitebialcs 

The majoi time units, then estimated age and length ol duiation, 
together with some ol the inveitebrate groups chaiactei istic ol 
the various peiiods, ate summaii/ed in Ihe accomp.inying table 
The rest ol this chapter is devoted to a biiel desciiption ol some 
ol the better-known fossil gioups 

Amon(» the PR()T()/()A one would naturally nol expect to hnd 
fossils ol flagellates, amoebas, or ciliaies, but only ol the amrie- 
boid protozoans with hard parts \lihough the silicious skeletons 
of tadiolanans are known liom (he Paleo/<iic' to ihe present, the 
calcareous shells ol the fouinnnifus luimsh b\ lai the best 
record of ancient piotozi>an hie Good fossil foramimleis occui 
m the (ambiian rocks, increase steadily both in numbeis of 
species and ol individuals, until in the Cretaceous they hnally 
become very abundant, and there appeal many families which 
are still represented today From the Tcitiaiy to the present there 
has been a giadual extinction of the eailier types and a replace- 
ment by those more like modern foramimleis This gradual 
change in type, plus the fact that the calcareous shells arc 
abundant, widespread, easily preserved, and have distinctive 
shapes and markings, makes fossil foraminilets extremely valu- 
able as index fossils. There are, ol com sc, many different kinds of 
index fossils, but most of them, like tiilobites and brachiopods, 
are large and can be obtained only from locks which are exposed. 
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Eras 

(Millions of 
Years Ago*) 

Periods 

(Duration in Mil- 
lions of Years*) 

Principal I lolutionarv hscntj 
among the Invertebrates 

CSNU/OK 

(60) 

(Ouiiurnarv 

(2) 

(1H) 

Arthropods and molluscs most abundant, all 
other ph>la well represented 

Modern invertebrate types appear 


( retaceous 
(70) 

r xtinction of ammonoids 

MtSUZOK 

Juiussit 

(IH) 

Amrronoids abundant , modern t>pcs ol crustu- 
iLins .ippuir 

(200) 

Triassi^ 

iU) 

Marine irnerlebrates decline ui numbers and 
importance 1 imiilin present 


Pei , 111 in 

OM 

Last ol Hr liilobitcs and eurvptends I.xlinc- 
tion ol most pako/otc invertebrate types 


lYnnsshiinian 

(451 

first fossil insects (although insects pr<)bubl) 
csoKcd as earlv as (he Devonian) 


Mississippi III 1 
('51 

( limax o( crinoids and bl.isloids 

Paleozdk 

('51 

Uractuopods still llouristimg Marked decline o( 
graptoliics and tnlobitcs 

Slim inn 
t (25, 

Main graptoliles F irsl extensive coial reels 
Hiachiopods at peak F urvpterids abundant 
Tnlobitcs begin to decline 1 irst land inverte- 
brates 


( )rdovK ij.i 
(70, 

Peak ol invertebrate dominance ('limax of 
inlobiles and nautiloid ccplialopods Firachio- 
pods abundant (hirst veriebrute fossils) 

(‘iMIi 

Canilirun 

(105) 

lira abundant lossils Nearly all invertebrate 
phvla iciMcscntcd Trilobnesand brachiopods 
most numerous 

Fki)TF.HO/OI( 

1 1 2(H)i 

(650) 

Most ol the invertebrate phvla probably 
evolved, bui lossils are rare and poorly 
pie served 

Arc hi o/oir 
(2,0(X)) 

(K(K)) 

No fossil record, but simplest living organisms 
(one-cellcd plants and animals) probably 

A70K 
( ),(K)0| 

(l.(KK)l 

No evidence of living organisms (formation of 
the earth) 


Bused on Croncis and Krumbem Down to Earth 
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Because ol their minute size, foraminiferan shells can be obtained 
undamaged, horn rocks very fai below the surlace, in the borings 
brought up by a drill, f'oi this reason oil companies have found it 
profitable to employ paleontologists who do nothing but study 
the borings from oil-well dulls By compaiing the shells found at 
various levels with those present in layeis known to be oil-beai- 
mg, they are able to diiect the wcll-drilling operations 

The fossil recoid of seoniiPs is not an abundani one, but it 
stretches over a veiy long time, silicious spicules being known 
even from the pie-Cambnan, and whole specimens from the 
Cambrian The tibics ol horny sponges have piacticaliy no chance 
of being preserved, and the delicate spicules ol calcareous sponges 
are usually dissolved undci the local acid conditions cieatcd by 
the decay ol a dead sponge Silicious spicules aie moie readily 
preserved but may latei be dissolved away by giound watci 
peicolating through the rocks, and in such cases the cavities lelt 
may be Idled with calcareous oi othei mateiials (, onscquenlly, 
the compi^sition ol a sponge lossil does not necessarily indicate 
the oiiginai composition o! the living sponge, and identilicalion 
must lx: based on the geneial stiuctuie and on the shape ol the 
spicules 

Fossils of ('orLLNTTRAns aic known lioni the pie-C ambrian 
to the present. Although pie-Cambiian fossils ol any kind ate 
extremely rare, and altei many yeais of search no other vvcll- 
authenticated fossil has evei been lound in the pic-Camhiian 
rocks exposed in the (iiand C anyon, those locks have y lelded a 
well-preserved imprint of one of the most fragile ol animals, a 
jellyfish Finds like this one seive to emphasize the fortuitous 
nature of any lossil recoid 

The iivDRozoA are icptesenled in the lowei ( ambrian layeis, 
and in the uppei Cambiian rocks we lind the beginnings of the 
GRAPTozoA, an mteiesting gioup ol colonial animals, all extinct, 
that have been claimed lor both the sponges and biyozoans but 
are usually placed among the coclenterates Graptolites ate most 
often found as thin carbonaceous films winch look like saw 
blades w ith one or both edges toothed. A blade is the remains ol a 
homy colonial skeleton, and each notch m the toothed edge 
represents a small cup which formerly housed a single member of 
the colony From the blade there comes off a long thread by 
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which, It IS thought, the colony was attached to floating sea- 
vseed Some giaptolites aie lound in large groups radiating from 
some cential body, which may have been a gas-filled float. If so, 
they were independent floating colonies comparable with our 
modern siphonophoies The types just described flouiished in the 
Oidovician and Shluiian and died out befoie the beginning of the 
Devonian - possibly because of something iclated to the use of 
the fishes The moie piimitive blanching giaptolites, most of 
which are thought to have lived attached to the bottom, ap- 
peared in the ( ambiian and had a few icpicsentativcs which 
managetl to survive thioughout the Devonian This situation is 
what we find in most gioups, the piimitive forms not only pre- 
cede the moic specialized and 'progicssive' ones, but, being less 
dependent upon special conditions, usually also outlast them 

Fossil sfVPiio/oA arc known from the lower Cambrian, but 
they are rare and the authenticity of some is questioned They 
consist of whal appear to be moulds of the uppei and lower sur- 
faces and mud Idlings of the pouches W'hich compiise the large 
cential part of the gastrovascular cavity 

The AMiiozo'V as one might predict from their highly deve- 
loped structure, aie the latest class to appear in the fossil record 
The sea anemones, lacking hard parts, have left no recognizable 
traces But the forms which secrete skeletons, particularly those 
made of limestone, piovide an abundant and informative record 
of the past activities of then delicate and perishable polyps Two 
classes of eMinct corals are known One of these, the Tctra- 
cotalla (named liom the fact that the stony partitions aie in mul- 
tiples ol four), occiiis as solitary cup coials oi as dome-shaped or 
branching colonies The skeletons appear in the Ordovician, 
attain then masimum in the Silurian, when certain ones contri- 
bute abundantly to the lossil reels, and disappear by the end of 
the Palaeozoic The Heuicvnilla, to which modern anemones 
and stonv corals belong, are not repicscnted until after the 
beginning of the Mesozoic Their sudden, though late, appearance 
IS accounted for by assuming that they are descended directly 
from the exclusively Paleozoic Tctracoralla The stony corals 
were important contributors to the Mesozoic and Ccnozoic 
reels and are the dominant reef-builders of modern seas The 
Octocoialla, or alcyonanans, anthozoans with eight tentacles and 
eight internal partitions, are represented from the Ordovician on 
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The wormlike invertebrates have left a very poor fossil record. 
They may be discussed together because part of the rccoi d con- 
sists of trails, tracks, tubes, and burrows, and it is impossible to 
say which ol the various groups is responsible for certain of 
them The I LATWORMS have left no recognizable remains Fossil 
NEMi RTi ANS are unknown, but, since the living lornis do burrow. 
It IS possible that some ol the fossil trails and burrows \^erc 
made by members of this group Fossil p*irasitic roundworms 
are reported to have been found in fossil insects 

Of the annilids, only the polychetes have left a record of much 
importance 1 rom the pic-C ambiian we have tracks and burrow's, 
many ol which must have been lell by this group From the mid- 
Cambrian we have well-preserved lossils with segmental bundles 
of bristles and other characteristic features ol the class, showing 
that the animals must have had a long pre-C ambnan develop 
ment The frcc-swimming polychetes, modern lepiesentativcs ol 
which have a protrusiblc pharynx armed with hard jaws, are 
thought to be the source ol the numeious small-toothed laws 
lound m piacticalh all rocks Irom the P<ileo/oic on Beginning 
w'lth the Ordovician, we Imd evidentc ol lube-dwcllmg poly- 
chetes in the lorm ol tubes which arc calcareous or are made ol 
sand grains or other pai tides cemented togcthci b\ a secretion 
Some of them are found attached to brachiopod shells, often 
in dusters 

The bryozoa appear lirst in the Ordovician, and apparently 
have been quite abundant from that time to the present, for over 
1,500 species are known Irom the Paleozoic, 1,000 Irom the 
Mesozoic, and thcie arc additional thousands of Cenozoic and 
modern species While whole colonies are sizable (a number o) 
fragments of the skeletons ol bianchmg colonies appear in the 
drawing which heads this chapter, and in the di awing look like 
pieces ol broken twigs), the individual cases arc microscopic and 
therefore have manv of the same advantages foi the paleontolo- 
gist as foraminiferan shells Two whole classes of I’aleozoic 
bryozoans became extinct at the end of that era One class, 
already represented in the Ordovician, and which has never 
been very abundant, still has living representatives The class to 
which most modern bryozoans belong did not appear until the 
Jurassic. 
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We are accustomed to think of the brachjopods as a small and 
unimportant phylum, which in this book has been described as 
one of the ‘lesser lights’ But if we are to view the animal king- 
dom in terms of the past as well as the present, we would have 
to reserve a more prominent place foi the group that has left one 
of the most abundant, most complete, and most beautifully 
preserved of ail fossil rccoids Not only do biachiopods have 
hard shells which lend themselves readily to preservation, but the 
animals live in shallow seas w-here the chance of fossili/aiion is 
great Consequently, their remains arc olten so abundant as to 
form most ol the rock in which they occur The group left its 
eai best record m the Cambrian , and befoic the end of that period 
four of the five orders were already established, with the dominant 
position occupied by the relatively primitive order still icpre- 
sented bv Li/i.gw/u Biachiopods with hinged valves weie present 
m the C ambiian but did not become of major impoitance until 
the beginning ot the Ordovician Something ol the early abund- 
ance and lalei decline of the biachiopods can be iiidged liom the 
numbers ol fossil genera recoided for the several eras We know 
about 450 genera from the Palco/oic. about 180 from the Meso- 
zoic, and only about 75 irom the Ccno/oic to the present 
Although 3,0(K) species are recorded from the Ordovician and 
Silurian periods, which represent the peak ol brachiopod 
abundance, only a little over 2(X) species aie living today 

Bfing shelled animals and second only to the arthropods in 
numbers ol species, the mollusi s have left an abundant, un- 
broken. and extremely legible recoid tiom the Cambrian to the 
present The amphnicmans are ccrtainlv the most primitive ol 
modern molluscs, but they do not appear as (ossils until the 
Ordovician And from that time to the present they have left 
only about UK) fossil species so that there is nothing in their 
record to make us think that they were ever of much importance 
The scaphopoih, too, do not get well started until the Ordovician 
and have never amounted to much The three majoi classes - 
gastropods, pelecypods, and ccphalopods all appear in the 
Cambrian The first two groups increase steadily Irom that time 
to the present , and the gastropods are probably very close to 
their peak of development now, comprising 49,000 of the 
70,000 species of living molluscs The cephalopods, though 
represented by only 400 living species, were once far more 
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important than the gastropods, and they have left 10,000 fossil 
species to attest to their past glory The dominant cephalopods of 
modern seas arc squids and octopuses, which are probably more 
numerous at the present than they ever were Bui it is the cephalo- 
pods with external shells, now represented by only 3 species of 
Nautilus, that made cephalopod history The shells of the early 
nautilouh were stiaighl cones internally divided into a senes of 
chambers, as in the modern nautilus In the Ordovician these 
shells were over 15 feel long, a length never again reached bv any 
shelled invertebrate Later the shells became slightly curved, then 
finally coded The nautiloids rose to a peak in the late Oidovician 
and Siluiian and then declined, but they gave rise, it is believed, 
to another great group of coiled cephalopods, the anmionouh. 
which also went through an evolution Irom straight to coiled 
shells The ammonoids became the dominant animals ol Meso- 
zoic seas and then died out in the Cretaceous Some of the 
cretaceous ammonoids reverted to an uncoiled condition, so that 
the evolution ol this group parallels that of gastropods (see p 
207) The advantage of coiling is piobably the same in the two 
groups, It converts a long, unwicldly, straight cone into a com- 
pact, manageable coil 

Even the most advanced of invertebrates, the akthropoos, must 
have had a long pre-( ambiian histoi v, for at the beginning ol the 
Cambrian we lind three classes ol arihi opods already well started 
The most numeiotis ol these aie the iKiLomirs, which con- 
stitute over half of all ( ambiian lossils Apait fiom the undoubted 
sticccss of these eaily arthropods, the abundance ol their fossil 
remains is probably due in pait to the lact that they moulted fre- 
quently and discaidcd numerous cxoskeletons which were 
capable ol fossilization The name tnlobite means ‘thrcc-lobed’ 
and refers to the lact that the dorsal surface ol the body is 
divided by iw'o longitudinal furrows into ihiee lobes The body 
IS also divided transversely into three regions a head, a middle 
flexible portion, the thorax , and a posterior legion. the abdomen, 
which consists ol a number of fused segments and in some irilo- 
bites IS prolonged into a spine I he head bears a pair of com- 
pound eyes, a pair of antennas, and four pairs of similar, jointed 
tw'o-branchcd appendages The outer branch, which is flattened 
and has a row ol bristles along its posterior edge, is thought to 
have served for respiration and swimming. The inner branch was 
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probably used for walking Similar appendages occur on all seg- 
ments of the body, and they all have inwardly directed projec- 
tions from the basal part of the limb On the head appendages 
these projections are modified for chewing food, as in modem 
king crabs and arachnids Most tnlobites are from 1 to 3 inches 
long, but some forms reached a length of over 2 feet Their 
habits can only be inferred, but it is thought that they lived in the 
sea, since Ihcir remains are always found with corals, cnnoids, 
brachiopods, and other exclusively marine animals Most irilo- 
bites probably inhabited shallow waters and were bottom-crawl- 
ing types, cither feeding on the various seaweeds, sponges, 
coclcnterates, brachiopods, and molluscs which arc known to 
have lived in the same places, or perhaps scavenging organic 
debris by plougmng through the mud The tnlobites were the 
dominant invertebrates of the Cambiiaii, anu they continued to 
nourish during the Ordovician, but then declined They were 
rare alter the Devonian and the last few survivors linally died 
out in the Permian It is perhaps no mere coincidence that their 
decline lollowed the rise of the giant Ordovician ccphalopods 
and the hordes ol Devonian fishes, both of which could have fed 
on tnlobites 

The tnlobites probably gave rise to no other group ol arthro- 
pods, but they seem most closely related to ( rustacfans The 
branchiopods, ancestors of the more primitive modern crusta- 
ceans like the faiiy shrimps and ciadocerans, are well represented 
in lovvei C ambrian rocks But the large crustaceans, such as lob- 
sters and crabs, do not appear until the middle ol the Mesozoic, 

The aquatic arachnid-like arthropods appealed in the 
Cambrian, but their only living leprcsentaiivc is Linwlui, the 
king crab, which has changed little since its appearance in the 
Tnassic, about 200,000,(K)() years ago The most interesting of 
these extinct arachnid-like animals are the furyptlrids, some of 
which attained a length of 10 feet, the largest si/e known for any 
arthropod It is not certain whether they were marine or inhabited 
fresh-water streams, from where they were washed out to sea and 
buried in marine sediments They probably lived mostly on the 
bottom, but their two large paddle-like appendages suggest that 
they could swim Euryptcrids are known from the Cambrian, 
flourished in the Silurian and Devonian, but, like the tnlobites, 
became extinct at the end of the Paleozoic 

The FIRST land animals may well have been certain primitive 
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air-breathing arachnids (Palaeophonus and Prnscorpius from the 
Silurian), which resemble eurypterids in certain lespects. The 
transition from book gills, like those of a limulus, to book lungs, 
like those of a scorpion, requires very few changes. 

The lossil record of land arthropods, like that of other land 
animals, is a scanty one and does not necessarily give a true 
picture of either the numbcis of species or the tunc of the earliest 
appearance of the different groups Although about hall a million 
species ol living insects have been described, only a few thousand 
fossil insect species have been found Most ol these are from a few 
special regions whcie lossilization took place under veiy unusual 
conditions. The inscct-containing ambci of the Baltic region ol 
Europe has alicady been mentioned, one of the best Ameiican 
localities for collecting insect fossils is at Florissant, Colorado, 
where falling volcanic ash from an ancient eruption earned land 
insects down into a lake and bin led them in the mud at the bot- 
tom. In spite ol their slim chances ol lossilization, millipi dls an 
known from the Devonian and ( i ntipi.dls and insl( ts from the 
Pennsylvanian. All ol the eaily insects ate now extinct, <ind onl\ 
in a lew cases can modern insects be assigned to an order which 
was already lepiesenled in the Paleozoic 

Since most u uinoderms have skeletons made ol calcareous 
plates and live in shallow marine waters, the group has left one 
of the most inloimative ol fossil lecoids '1 he eaihest echino- 
derms were, typically, sessile types which lived attached to the 
bottom, either diicctly oi by a stem The oldest and least special- 
ized ones were the cvstoids, which had an ovoid oi globulai 
shell composed of tightly fitting plates On the surface ol the 
shell were ciliated grooves (usually hve) for food-collecting, and 
these extended on to the arms which were attached at the uppei 
end of the shell. From the cystoids, which appear in the C ambi lan 
and become abundant in the Silurian, are thought to have come 
the other two classes of stalked echinoderms, the nLASioius and 
cRiNOiDS Not all stalked foims lived attached to the bottom, 
but the stalked, sessile types weie the dominant echinoderms of 
Paleozoic times The cystoids and blastoids became extinct by the 
end of the Paleozoic, and only the crinoids (sea lihes) have sui- 
vived to the present. The earliest crinoids were all attached, with 
stems usually from 1 to 3 feel long, or ovfer 70 feet long in at 
least one case. Fossil crinoids were known long before any living 



RFCORDS OF THE INVERTEBRATE PAST 361 

forms had been seen, and the class was believed to be extinct 
until, only a little over 60 years ago, a dredge brought up some 
living specimens Although 00 per cent of modem forms are 
stemless and frcc-swimming, in all cases where the development 
has been studied there is an early stalked stage 
Dm mg the Paleozoic the liee-li\ing echinoderms - starfishes, 
SI Ri'iM s I ar\ se.\ ur( HiNs. and si a ( uc umblrs were inferior 
to the stalked tvpes both in numbers ot indisiduals and in species 
Put 111 the early Mesozoic thev expanded lapidlv and have main- 
lamcd their siiperioritv ever since 

To the geologist the lossil lecord seises not onl\ as a means of 
deteiminmg the limt ol deposition ol locks in widely scpaiiited 
parts of the woild, but also as a ke\ to the study ot ancient geo- 
giaphv and climate f ossil coials cchinodcims, brachiopods, 
and cephalopods always indicate the lormer piesencc of salt 
water The occurrence ol lossil coial reels in ( hicago is clear 
cwidencc that this region was once covered by a sea <ind that the 
Jimate at one time must have been mucli warmer than it is now 
lo biologists the lossil lecoid luinishcs abund<int and direct 
evidence ol the evolution ol modern amnnils Irom simplei types 
which have preceded them Bv examining one Liver of rock after 
another, we can lollovv the early ai>peaiance ol a group as a few 
simple, adaptable lorms, which giadiially increase in number, 
soeciali/c. and ladiate out into vaiietv ol habitats, then tinalJy 
degenerate into bizarre. o\ci-spcciali/cd loims which, with the 
tirst radical change in the cnviionmeni die out altogether Such 
IS the cvolutionaiy hisioiv clcaily lecoided in the rocks, of the 
liilobiies and ammonoids animals which dominated the seas 
lot millions ot veais, yet have lett not a single descendant There 
IS no leason to doubt that many ot the invertebrate groups 
floui isliing at thc/{mescnl time arc heading (ot the same fate. 
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Invertebrate Relationships 

Evlrv ONI enjoys the unravelling of a good mvsleiy, but no one 
would like to read on from clue to clue, until the earliest and 
most important events seemed about to be distlosed, only to 
find that the rest of the pages in the book were missing Just this 
kind of exasperating situation confronts us when we try to relate 
animals to one another in an orderly scheme Anyone can see 
that honeybees are much like bumble bees, that bees resemble 
flies more than they do spiders, and that spiders are more like 
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lobsters than like clams But uhen vve attempt to relate the phyla, 
which, by definition, are groups of animals with fundamentally 
dilTcient body plans, there is little we can say with certainty 
Aithiopods are clear Iv allied to annelids, but how thev are 
related to such utterly dillcicnt animals as staifshes or veite- 
bidlcs IS quite obstuie dhe fossil record, which in many cases 
pro\ides us with a whr'Ic senes ol giadiialK changing specimens 
liom which we can woik out the cwolution ol one small group 
fiom another, is of practically no use in lelalme tlie pin la to 
each other boi, as we dig deepci and clecpt^i 'nh' the locks, 
expecting to (mcl a lecel at which the most iccenlly evolved 
phvla no longer appeal, we lind instead that the lossil lecord is 
obliterated dlic oldest n\ks have stood tlie longest time and 
have been siihicvtcd K' the gicalcst luimhei o1 stresses, including 
ihose causec^ hv the weight ol the locks above them, anv lossils 
whiclr Ihcv once conlainccl have been changed bevond lecogm- 
tion In the locks ol the eailicsl peiioci loi which we have good 
lossils (the (amhiian peiiiHi), till the import. int mveitchratc 
phyla aie already lepiesented Thus, while the lossil lecoid tells 
us ti great deal about what the eailv lepicsentatives o) the phyla 
were like it has mUhing to sa\ about the oiclei m which the 
phyla aiose Despite this, the situation is by no means hopeless 
CjoocI clclcttives have been known to icconstniLt, in detail, the 
events le.icimg up to a ciime to which thcic wete no witnesses 
And biologists have been able to lincl some delmile clues to 
events that h.ippenecl consideiabiy moie than ''()(), 00 I, ()(K) yeais 
ago 

Ihc most impoii.uit kind o' evidence is that h.iscd on .i com- 
p.irative study ol the siruetiiie .md clevciopmcnt ol the vaiious 
groups The use ol sucii evideiiee is b.ised on the assumption 
lh.it I he more closclv the bodv plans of two phvla lescmble each 
other the closer then rclationsivp and the more recent their 
common ancestor This is the puiKipIc ol liomoloi(\. discussed 
in chaptci 22 Sometimes the adult siriicluie ol two groups is so 
highly modilicd in adaptation to their diiicrent ways of life that 
the groups show very little siniilantv', and vet the early embryonic 
stages are almost identical Here also wc must assume a relation- 
ship, though a somewhat moic remote one, tor the early stages 
ol clevciopmcnt tend to be moie conservative than the later ones, 
and a study ol the embryologv ol animals often reveals basic 
similarities which otherwise would nol have been suspected 
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Related evidence is that based upon the principle of recapi- 
tulation, which states that ‘ontogeny tends to recapitulate 
phylogcny ' Translating this into everyday f .nglish it reads 
‘Every animal, in its individual development from egg to adult, 
passes through a senes ol stages which correspond to stages in 
the long evolutionary history of its group ’ This does not mean 
that the embryo of a man at any time resembles an adult hsh 
or an adult reptile, but that it goes through stages which coi- 
respond to those undergone by the cmhr\i>\ of fishes and reptiles 
The reason lor this, apparently, is that the carl> developmental 
stages of an animal, in which the basic body structure is laid 
down, are loss subject to modilieation than arc the later stages 
in which the more superficial structures appear Thus, the 
animals ol a single phylum tend to look alike m their earlv 
embryonic stages and become gradually diftcrentiated only later, 
as the structures peculiar to the dillcrent classes, and finally of the 
orders and still smaller categories, arc pioduced Moreover, even 
animals ol dilleient phyla appws.ir so much alike in their very 
early development that they cannot be distinguished 

For example, a lobster starts out as a fertilized egg, a single 
cell which looks like the egg ol any other mvertebiate and is 
spherically symmetrical, .showing no moie dilfcientiation than 
the simplest protozoan The egg divides icpcaicdlv, resulting in a 
blaslula, a hollow ball, composed ol a single layer of cells We 
can find its counterpart among adult animals m the colonial 
protozoans like the volvox, a colony ol Hagcllatcd cells arranged 
in a single layer on the suiface of a hollow ball ol lellvlikc 
material (pp 50-1, Vol I) The lobster blastula, by a piolilcration 
of cells into the interior, soon becomes converted into a two-layer 
gastrula, much like that of any othei animal Since the gastrula 
has a depression at one end, which makes it ladially symmetrical, 
and since it has tw-o layers ol cells, we mav compare it with the 
coelenterate stage in evolution, though, ol course, it has none of 
the specialized features ol adult coelenterates With the develop- 
ment of the mesoderm, and a differentiation of antenoi and po.s- 
lerior ends, besides dorsal and ventral surfaces, the bilateral 
embryo has achieved the structural level of a llatworm. Next, 
segments appear, and pairs of similar appendages grow out, as 
in annelids. The appendages become two-branched, but, since 
they are mostly alike, the embryo reminds us of a primitive 
crustacean With the differentiation and specialization of the 
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appendages we finally recognize the developing animal to be 
a lobstei Thus, the development of a single individual is a con- 
densed and modified recapitulation of what wc believe was the 
evolutionary history of its phylum In the same wa} we can hope 
to learn, from a study of the development of a planaiia ora nereis, 
something ot the cvolutionaiy histoiy of llatworms and annelids 
However, it should be pointed out at once that the J'KINcipll 
Of Rf( AJ’lll LATION HAS VERY OFriNITI LIMITAIIONS In thc first 
place, no dcsclopmcnt occupying a few davs or weeks could 
possibly go through every stage in .m evolutional y histor>' 
stielchmg ovei at least a milliard yeais In thc second place, not 
only adults but also embryos undeigo evolution in atLiplalion to 
iheir environment The mosquito larva, which lives in thc 
water and leeds on debris, is a young stage modified for a 
'.peciali/cd vva> of life that was never lollowed bv anv .inccstoi 
ot the mosquito Mosquitoes arc descended Itom land insects, 
and thc adults have had no connection with aquatic hie since 
ihcii piimitivc aithiopod anccstois left the water Moreover, 
many embryos develop special membranes and other structures 
which serve to piotect or to nourish the young stages and have 
no counterpart in any adult animal It has also been pointed out 
that, m thc purely mechanical matter ol changing from a single- 
celled /vgote into a multicellular, manv-laycied animal of com- 
plex structure, all embryos must go through stages which are 
similar bui do not neccssaiilv indicate common descent for all 
thc forms which exhibit them Thus, m older to get a three- 
layered animal from a single cell, the cell h<is to form a one- 
layered organism, then a tvvo-lavcrcd one, and finally .1 three- 
layeied one, there is no other ea.sy way to achieve such a icsult 
And in the development from a sphciical egg with all axes alike 
to a bilateral adult with three dillcrentiatcd ones, there would 
have to be some intermediate radial stage with only one differ- 
entiated axis, even it the group had never had an ancestor which 
was radially symmetrical in thc adult stage Such arguments 
warn us ihat we must be cautious in assigning evolutionary sig- 
nificance to every step in embryonic development Still the 
principle of lecapitulation, when correctly interpreted, has 
explained the appearance and subsequent disappearance in the 
embryo ot many seemingly useless structures, such as the tail or 
gill pouches of man And it has contributed greatly to our under- 
standing of the relationships of animals to one another 
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Basing our ideas on the principles of homology and recapitula- 
tion, we are able to construct animal trees or other schemes 
which attempt to show the ordei ol evolution and the relation- 
ships between the phyla C onsidering the remoteness of the events 
with which W'C are dealing, and the mconclusnc nature ol much 
of the evidence, it is clear that any ‘invertebrate tree’ must be 
considered highly speculative The ‘tree’ presented at the begin- 
ning ol this chapter is onlv one vcision , it will have to be changed 
in the luturc it new evidence turns up At the same time, it tics 
together a great bodv ol facts which would otherwise have less 
meaning and selves as a iramevvork on which to hang what 
appears to be a fairly plausible account of the evolution of the 
mam phvla of mvcitebiates 

It IS highly probable that the capacity for photosynthesis was 
a charac'tciislic ol the ancestors ol primitive organisms 1 rom a 
hypothetical ancestral type ol 'plant-animar, the exacl nature ol 
which IS unknown, came at least two m.iin lines of descent, the 
animal kingdom and the plant kingdom (except the simolesl 
plants, such as the bacteria, as was discussed in chap I) The 
reason foi this belief, as explained at the beginning ol this book 
is the similarity between primitive plants and piimitive .mimals 
By a 1 OSS oi c hlokopiiv 1 1 (perhaps at several dillerent times for 
dilTeient piotozoan groups) and the development ol a vaiieiy ol 
locornolorv and lood-catchmg mechanisms, the animal king- 
dom arose The most primitive <immals are sinc.ii cel is, but 
we must lemembcr that the modern pioiozoa have had a long 
evolutionary history and have undeigone many changes before 
arriving at the condition in which we line! them today 

The exact manner in which mliltk lllularitv arose cannot 
now be determined But it is easy to understand how il could 
have evolved through the failure of individual cells to separate 
completely after division Such colonics ol attached but i datively 
independent cells are known to occur among the protozoti 
(sec colonial collar llagcllates on pp 53-4, Vol 1 ) In the volvox 
colony, already mentioned, there is a certain amount ol co- 
operation in locomotion and m reproduction, but not enough 
to elevate the colony to the lanks of multicellular organisms f he 
volvox colony is highly specialized and must not be thought of 
as ancestral in any sense, but it gives us some idea of what one 
type ol primitive multicellular organism might have been 
like 
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Jn the sponges, the least integrated of the truly many-ccllcd 
animals, the cells show considerable division ol labour, bill tissues 
arc poorly developed, and the ainnidls cannot be said to have 
gone much beyond a (lllular livil oi ori.snizaiion The 
porous construction, peculiar method of feeding and the lack 
ot a definite mouth and digestive cavity are among the icasons 
lor thinking that sponges have no diieci iclaiionship to other 
inimals Perhaps the\ evolved from pi imitivc collared llagellatcs, 
whose modem lepicsenlatives are the onlv animals besides 
'.ponges which have collar cells 

Since sponges are not on ihe mam line ol evoliitionarv advance, 
the stage bevond the lirst multicclliilai organisms 'vhich led to 
the higher phvla c<m onlv be imagined Bv the passage o( some 
of the cells Irom the siirlace into the mteiioi, <i ivvo-las i rip 
vNiMAi was loimed I Ins livpothctical two-lavcred ancestor 
piobably evolved liom a dilleient gioiip of piolo/oa Irom that 
which gave use to sponges ( onsimcled on the iissoi llvu. or 
oR(iVM/Aiio\, with an o,iie' ciliated ectoderm speciali/ed tor 
locomotion, protection and semsalion and an mnci endoderm 
spcciali/cd lor digestion, it was master ot the aiKient seas as it 
swam about, leedmg on protozoans and unieelliilar plants lust 
wiial It looked like we do not know, but it pioliablv resembled 
ihe radially svmmetrKal, ciliated ivvo-lavercd Iree-swimmmg 
lai va ot the obclia and most other marine (oek met mi. s The wide 
occurrence of such a larva m the embrvologv of coclenterates 
indicates that this phvlurn probablv aiose from a simple two- 
lav eicd aiiccstoi by the outgiovvth of tentacles lound the 
mouth 

1 he ncM stage m cvolutionarv advance seems to have been the 
lormation ol the misodfrm, a tpsue beivvecn the ectoderm and 
endodeim, from which more delmitc organs .ind oriian-syspims 
could be made, resulting m gieatci size and eomplexity of con- 
struction Mesoderm develops in animals by one of two mam 
ways In the llatwoims, nemei leans, molluscs, annelids, and 
arthropods it usually originates Irom two special cells, known as 
'piimitive mesoderm cells’, set aside m the eailv gastrula In the 
rchinodcrmata, the phvlurn to which the stailish belongs, and 
m the Choi data, the phylum to which man belongs, the meso- 
derm comes Irom outpockelmgs of the primitive endoderm. 
Because of this dilTerence m mesoderm lormation. among other 
reasons, we recognize two great lines ol evolution known as the 
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artbopod and the chordate lines, and indicated on the animal 
tree by a main branching 

Following the arthropod line of evolution, we see the 
flatworms exhibiting the beginning of the importance of the 
mesoderm Here the first oigan systems arc differentiated, and 
accompanying this increased complexity, is bilateral svniniet/y 
It IS not known just how the radial gastiiila-likc ancestor became 
bilateral, but specialization of one end and a hottom-cidwlmg 
habit were prc>bably stages m the process 

We come next to the ncnwi leans From many details ol adult 
structure and early development, nemcrtcans can be regarded as 
closely related to flatworms. but thev show two distinct advances 




oRKiiN Ol iHi MisooiHM 111 .iriliiorod ind (.hiird.itt lines Ld' ilic cmhtso ol <1 
mollusc showint’ the prininive mesoaenn cells hiKkUd oil from (In. prinnlisc (.nch".cnn 
Rt«ht, an tchinoilcrm hrv.i showing the niesoaerm hein^; budded ofl as poikiks (rout 
(he sides ol the primitive endoderm 

the development of a digestive tract with two openings, and the 
beginning of a circulatory system Much moi'e advanced ate the 
molluscs (snails, slugs, clams, oysters, squids, octopuses, etc ), 
which have further specialized and perfected the systems pion- 
eered by nemerteans Molluscs are not segmented and theieforc 
must have diverged from the mam line of evolution before 
SEGMENTATION arosc Thus, on the animal tree they arc shown to 
branch off at a point below that from which annelids diverge 
In spite of the gieat lack of structural similaiity, molluscs are 
closely related to annelids - one of the few' relationships between 
any two invertebrate phyla for which we have indisputable 
evidence The early embryos of annelids and molluscs are almost 
identical, cell for cell The mesoderm arises from a corresponding 
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cell in both groups, and their free-swimmmg larvas, the tro- 
CHOPHORES, aie very much alike (chap 19) A trochophore-like 
larva, with a ciliated band aioiind the equator, is charactei istic 
not only of annelids and molluscs but also of a number of minoi 
phyla (discussed in chap 16) not shown on the ‘tree’ And the 
larvas of flatvvorms and ncmerieans are ceilamly much like the 
trochophore Thus, the trochophoie type of laiva serves to link 
together a whole senes of phyla 

The atihopods have no trochophore, and they show few' 
similaiities to annelids in the early stages of development, but 
then adult stiuctuic is similai in so many lespccls that there can 
be no doubt that the two groups had a common segmented 
ancestor with a pair ol appendages to each segment and a net- 
vous svstem which enciicicd the anleiioi end ot the digestive 
tract and passed ba^kwaid along the ventral suifacc as a double 
cord with segmental ganglia 

The ( uordatf line includes only two mam phyla the echino- 
deims and chordates This means that the invertebrate phylum 
most closely related to man and the veilehiates is one which in- 
cludes such animals as the stailishes The leasonmg by which we 
ainvc at this rather surpiismg conclusion is based mainly on a 
comparison of the developing embryos of certain members ol the 
two gioups In the Inst place, as alicady mentioned, the meso- 
derm of echmodcims and chordates aiiscs m the same way Also, 
the coiLOM IS loimed in boih groups tioiii the hidlow meso- 
dermal pouches, whereas in the aithropod line it aiise, by splits 
m the bands ol mesoderm budded oil Irom the piimitive meso- 
deim cells In either case the end lesult is the same, and, bv in- 
specting the adult animals, it cannot be told that then coeloms 
arise m diffeient ways In addition, the Iree-swimmmg iaiva of 
echmoderms is quite diflcicnt from the tiochophoic larva 
characteristic of annelids, molluscs, and some of (he other phyla 
ol the arthropod line The bilatcial echinodcrm laiva is more 
llattencd than the tiochophoie and has longitudinal, looped 
ciliated bands for locomotion Since this same type of larva 
occurs m all classes of cchmodeims, it is believed to resemble a 
hypothetical ancestral type (dipleurula) from which all modern 
echmoderms have been derived 

The phylum Chordata consists mainly ol veitebrates but in- 
cludes three groups of invertebrates acoin worms, tunicates, 
and the amphioxus These groups have no backbone but are 
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classed with the verlebiates because, as described in chapter 26, 
they possess, at some time in their life-history, a stiffening lod 
(the notochord), pharyngeal gill pouches or slits, and a dorsal 
tubular neive cord Now', it must be clearly understood that 
echinodernts have none of these structures, then affinity with 
chordates is based on similarities in the development of the 
mesoderm and coelom mentioned befoie and on the slendei clue 
afforded by a striking lesemblance between the (dipleurula) type 
of larva found in cchinoderms and the larva ol the acoin worm 
As was pointed out in the discussion c'f recapitulation, larval 
resemblances may be misleading, because laivas themselves 
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undeigo evolution in adaptation to then einironmcnl Since the 
larvas of echmodcims and acoin woims both live in the suiface 
waters ol the ocean, feeding on microscopic organisms, then 
similarities may he independent responses to the same conditions 
of life On the othei hand, the lauas of flatworms, nemei leans, 
molluscs, and annelids have for ovei 500 million ycais lived in 
the same places and fed in the same way, yet all conloim to the 
trochophoie type This leads us to believe that the dilfeiences 
between these two larval types have ical evolutionaiy significance 
and are the result of a divetgence of two mam stocks Irom some 
ancestial bilateral animal in the remote past 
Since the echmoderms are not clearly segmented, the segmen- 
tation of chordates must have arisen after the two groups w'htch 
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finally gave rise to the modern echinoderms and chordatcs had 
already separated The segmentation of choi dales results fiom 
the budding ol a senes of mesodermal pouches from the primitive 
endoderm In annelids and arthiopods it foims by a ciosswise 
breaking-up of continuous bands of mcsodcim For this leason, 
and the fact that the choidate and aitluopod lines aic thought to 
have separated from each other long before segmentation aiose, 
segmentation of the chordatcs and ol the annelids and arthro- 
pods IS not considered homologous hut must have evolved in- 
dcpendentl) in the tuo gioups 

In the earliest schcmati/ations ot animal evolution, the animals 
were usually picluied as ascending, on a vertical ladder, diieclly 
'from amoeba to man', with the othei animals placed on intei- 
mediate rungs according to their order of inci easing complexity 
Now It IS leali/ed that animals do not loim a conlinuoiis senes 
.iiui that then relationships to one another arc moie coiiectly 
repiesenled by a branching Miec' The ancesdal groups, long 
extinct, aie placed on the main stems I xtinct forms now re- 
presented onl\ by fossils are placed on dead side blanches (not 
shown in the tree’ given here) On the ends ol the living side 
blanches are placed the modem loims A 'tree’ not only fits the 
facts more closely than a laddei, but its many scpaiate blanches, 
representing independent lines of specinlization, help to suggest 
whv we find such endless vanetv among the animals without 
backbones 
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Closed circulatory system compared with 
Open, 274 
( (Kkro,idi, 92 
Ic.iinmg in, 322, 323 
( otoon 

(if ( c^ropi.i moth, /')5 
of c irtlissorm 212 
(oJoug, 13 SI 

( otkii'ci ii I 83 >( ( u/i/i Coclentcratc 

classes ol 

Atith,'/oi 113 IS :s r 
Hvdr,./oi UI9 I 10 2/ V, 2< 
Sesph. /Ol I 10 24 2" 

( oclenlcrait ,8 i 1 1 8 ’/ ?7, st'e also 

( olom il coclc'iitcrate 
evi'liition '(i7 
fo s,| 314 1 
regeneration 141 
(niionun 12<> 

( Of loll) 

■ids int igi (M 2 32 
disi lopnient 
in .nine lid 2 32 
in irthiopoil line tO') 
in eeliiiKideinis iiul chord ites 369, 
3-’0 

in esohilion, 169 370 
III grasshn,spei 312 
in starfish 33' '14 
ol anipliio'us '10 142 
of ,ii ihi opod, 27 1 
ol In aeliiopo'l 198 
ol l,r>o/,'aii 194 
ol chiton 203 
ot clam, 2 1 7 
ol I irlluMirm 24S 
ot (it('pi('cl InsoMan 233 
ot leeches, 21(1 
ol iieieis 232 
of penpatus, 2('0 
of daifith, 330 
Coclomie lluid 
ol cirthvsorm, 24S, 249 
ol nereis 232 
of starhsh, 330 

Coclomie lining, 230, 231, 232 
C Oelomie sacs 

desclopnienl, in starfish, 332, 333 
of nereis. 232 
( oeloplanu, 1 2 3 
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Coiled shell 

of fossil ccphalopod, 358 
of gastropod, 206 
of larva of gastiopod. 208 
of nautilus, 219, (>I 
Collar 

of acorn worm 344, 345, 346 
of stiiiid, 220, 222 
C oliar cell, 74 75, 76 
( ollar-flagcllaic ‘'3, ':4, 76 
Cullcmbola, 313, 3)4, 321 
( olonial coclcntcratcs 
corals, Il‘>, U 
fossil coral /2 3 

gorgimians 117, IIH 73. J6, 37 
graptolitc, 334 /27 

Ih'Jnnlmia, 107, lOS, 109 
hcdiouK 97 107 21 
ohelia 07 9K, 00, UK) 

PhvuilM lOS, 100, 2 7 
\eMh 100, 110 
( oloiir vision of insects, 315 
( nlpDild 65 67 
( olutnhiis, 254 
(dldmmiru,. I2i 
( omb jcllv, 110 2.3, 7, S', 7V 
{ ommcnsalisin, 5K, 1 52 167 
ComiioiinJ cve 
of dragoiitlv .VQ 
of insects, 260, 270, 271 69 
of lobster, 2S2, 280 288 
Conjugation 37, 38 69 
Conneitivc tissue, 84 
C<)n\truu>ietmi">. 94 
Contractile cell, see Muscle cell 
Contractile fibre 
ol 40, 50 

of hvdia, 85 
of Steriior. 67. 68 
of thread cell of hvdra, 90 
of ) onit flUi. 69, 6 
Contractile cacuole. 27 28 
of amoeba 27 28 34 35 
of Buhimulium o8 
of Lui^knn, 49 
of paramecium, 34, 35 
of parasitic protozoa. 28. 29 
of fo/lUA, 50 

Con\oluia roscoffenus, 152, 153, 155 
Co-ordinating fibres 


of Eiip'otes, 35 
of paramecium, 34, 35 
Co-ordinating mechanism, 35 
Co-ordination, see u/so Nervous system 
of activities of hvdra. 95 
of VolvoK members, 5| 

Copcpiid, 291, py 
f oprolite '50 

Copulation, 131, 132 252,65 
Coquina, lamp-shell J24 
Coral, 115, .70 74, .76. r 
lossil, .35 3, 355, /2 7 
reels 116 117 
CuniUtiirn rtilniim, 7 f 
Corn-ear worm III 
C(>r\diilii\ 90 96 
Cotti'll boll weevil. III 
C rab, 280, ''6 
( ranc llv S’’ 

( ravfish 280 "3. ’’S 
scicntilic name, 45 
C ictaccous period 35] 

( rickci, 9 7, 1 12 
( rinoul, 360 122 124 /25 
t rop 

of cai tlnvsiriii, 245 
of gra .shopper, 305 
C rustaeca, 280, sm u/so ( rustaecaiis 
Crustaceans 280 0i 69 76 
fos'il 35 3 350 12'' 

( ri/U()i ft.ldn 5 J S / 

( rvsIaHiMc sis fe of cl im 216 
C tenophora, 110 
( tenophorc, 1 10-23 J.S, 79 
( me i 64 
C up coral, .il> 

C uticlc 

lining lorc-gul and liinJ-gui ol insect, 
305. 312 

ol Jitliiopod, 263 264 
ol flukes, 1 54 
of lobster 280 281 
ol neicis 230 
of pciipatu,, 259 
ol loimdworm, 176 
Cuttlelisli 61 
Cuvier 14 

C yarn’d, 112, 113, 224 
Cvt/opv, 291 

as inicrmediaie host of guinea-worm, 
184 
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CyM 

hydatid, of tapeworm, 167, 168 
of amoeba, 70 
of ColpotJii 6*i 
of dyseiiUrv .imoeba 59 
ol protozoa 47 
of 7 rii Inna 1 82, 4'" 

ol 1 iihii \ *^2 

( vstoid 7()0 124 
( \lopljsni 18. 19 

Daddv 1 onjiicgs, 293 82 
l)dlniiini ILi 12 1 
Damagi. 

h\ b irk luclk II! 

Ih I, lollies tix'llis III 
hv is.vpiid'- '9 
b\ shipwoi nis I / ( /(’i/o), 5V 
bv IcrniilLs 95 
niiiiselll. 5’ 
iKiphni.., 292 
|)ar\Mii 241 

1 ).ei.ri!.ialioii e\pciiii)uUs on pl.in in i 
146 148 

Diulopimtil sri obi Ki prodin lion 
ol ihikIuI ''7 2 IS 2'9 
ol el, 'PI, 217 2I‘- 21-1 
ol g isiiopod lai\ 1 2t)(' 2t)7 
ol grasshoppei 7|l tl2 >11 
ol insect til >12 
o! larea ol neiei' 217 218 
ol sl.irlisli teg m 
I )i > OMian pel lod 181 
Daim.m, 6(. (>7 .S 
Dillertike 

litleettn iiiefitebr.ilL, uiid \irli.br.Ues 
II 14 

betwten lieing anil non lieiiig 12 
betveee n pl.ini iiul animal II 12 
Dilleitriti ilion 21 278 >i( tiha Spe.i 
all, iiion 

anteioposlcnor, 141 142 
axes 147 149 

til digestive epithelmrii ul neniertcaiis 

ot Jigi stive system 
ol tarthwoiin 245 
ol neieis 231 

of polvps of obelia, 101 102 
in proio/oa, 71 
sexual. 51, 52 


Dt/ffum, 60 
Dillusion, 26 
Digestum, 16 
in amoeba, 25, 26 
in ainpliiOeUs, 141 
111 arlliropoel 274 
illeentipeeli 297 
in eliiion 202 1 
Hie lam 215 216 
m eartliveorm 245 24(. 

Ill gras, boppi r 105 

in In lira 8o <)0 

in lee'eli 257 M, (, 

Inlolslei 2s5 286 
in neineile.in 170 171 
in iiLieis. 211 

in p irainee Him 14 
in p!, in, III I I 2 ii 8 
in roiilei 190 
in roimdvvoim 1 78 
in spidei 29 s 
in sponge 7f, 
in l.ipeevoini I (>2 

Digesiiee lilaments ol se i aneineme 114 
I bgestlSe gl mil 
ol In le liiopeul 197 
ol el, nil 215 216 
ol II' rei, 211 
ol spielci 2't5 
olsiirlish >28 

Digestive tr.iet v,ii lalions among msccU, 
111 

DmolligellUes, 52 51 i 
I)’/>h\lliihiiihniiiii l.itum 165 
Dipleiirnla > t4 
in eveiliilu>n 169 
I>i['l.'i;>iipiti\, 12^ 

DipLipod I , vi’, .Millipede 
Dipit'-i .5” hlf) 

I )i e.ise spread hv m ei is, 1 lU 
Div ision 

of anemone 2.5 

ol eells ol 1 51 52 

e)l eggs ol i O’, /in, 6,5 

ol parameeium 17 IH, 2 
ell sea-iirehm egg, IIH 
ol siarlish egg, 112 
vif trypanosome, 4 
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Division of labour, 278; also Speci- 
alization 

among ccll'v of sponge, 75 
among phases of life-history, 275 
among segments of earthworm, 249 
Dliy’gorrinus, 124 
Dobson fly, 96 
Dominance 
in plants, 144 
of head of planarm, 142 
Dorsal 

aorta of aitiphioxus, 332 
coelom ot amphioxus, 340 
nerve cord, 340 
of acorn worm, 345, 346 
of amphioxus, 339, 340 
of chordatc, 340 
of tunicate, 344, 345 
pore of earthworm, 248 
surface of planaria, 124 
Draiuncului meJineriili, 183—4 
Dragondy, 321, 89, 98 
fossil relative of, 128 
Drying 

protection against, 
m arthropods, 265, 266 
m protozoa, 20, 29, 47 
m rotifers, 191-2 
reaction of centipede to, 298 
Dysentery, caused by Balanfuiium 7 

Earthworm, 241-52, 65 
Echinococcus cyst, 165, 167, 168, 46 
Echinococcus granulosus, 165, 167 
Echinodermala, see also Echinoderms 
classes of, 325 

Astcroidca (starfishes), 326-35, IIS 
114, 115, 111 
Crinoidca (sea lilies), 122 
Echinoidca (sea urchins, sand doll 
urs), 335-7, 117-20 
Holothuroidea (sea cucumbers), 337 
121 

Ophiuroidea (serpent stars), 116, 1 17 
Echinoderms, 325-37, IlS-22 
fossil, 360, 124, 125 
Echiuroid, 68 
Ectoderm, 85, 129 
of devtlopmg grasihoppicr, 312 
of hydra, 85 


of obelia, 97 

of planaria, 125, 126, 129 
Extoplasm, see Clear outer layer ol 
amoeba 

Ectoprocia, 196 
Egg. 52 

of blood fluke, 44 
of cicada, lot 
of crayfish, ’s 
of hydra, 20 
of ichneumon fly 320 
of liver llukc. 44 
of malarial parasite, 63, 65 
ol Monarch butterfly, 104 
of rotilcr, 191 

of S( hnlostmta mansonl, 44 
of sea urchin, 118 
of spider, 80 
of starfish, 3 31 
of U re, his, 6S 

Lgg capsule of planaria, 130, 131 
I gg case of cockroach, 92 
Egg-laying of earthworms 250, 252 
riectric-lighl hug, 99 
fJedone eirrosa, 62 
Elephantiasis, 183, 47 
Elephant s ear sponge 10 
Llimmalion, 16, 17 
of amoeba, 26 
ofelam, 214, 215 
ol earthworm 242 
ot grasshopper 305, 306 
of hvdru, 9t) 
of nemertean 171 
of paramecium, 34, 35, 2 
of planaria 128 
Embryo, 101, 118 
Emelm, 59 
Encephalitis, 54 
Endoderm 
of grasshopper, 312 
of hydra, 85, 94, 126 
of obelia, 97. 126 
of planaria, 125 
of Starfish. 332, 333 

Endoplasm, see Granular mtenor ol 
amoeba 

Endopoditc, 281 
Endoprocta, 196 
Endoskeleton, 265, 326 
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Intamoeba 

u>li, 58 

59 

hiUiihino, 58, 59, 7 
hn7>mc^, 16, 17, 25, 26, 216 
I phcnierula, V7 
!ph)(liilui, II 
1 ph^r.i, 111 , 26 
Fj'idfrmis 
(tf artlimpdJ, 264 
('l'i.iirlliv\Liini, 247, 248 
(>l gt.is!,hi)pp(.r, 312 318-20 
ol lc)lv,kr 280, 2H1 
of neici^, 230 
I pill pvN , I ()7, 46 

1 pipiiililL, 2K2 

I piihi'li.il tclK of ‘.ponges, 74, 84 
1 pnlicli.il In, DCS, 84 
1 pilhi-liiini 84 
Ir.i, .351 352, -(5^ 

46 50 .? 

I iipkiioiij niovtnicnl 49 
I unlit IL: '5 
1 iiphirnnci 41 
lllir. lot t phi'll, 41 42 
'n'nnii 4ll 41, I? 

I iph'li 1 

I ipciinicnts on lo-ordinnling fibres 
14 35 

.IS a hspoiiiLh 69 
ri.nun.ll ol -.ni.ill nucleus, 36 
I iiisplLriiJ, 35 3, 359 127 
I III 1 plcrus, 12'’ 

I vi'liilion 

ol aniin.il plisla, 362-71 
,ind Lornplesitv ^7 
LiinsLigrnt 223 22(i 
csrIliilc lioni fossils 350, 351 
and loss ol oigans, 207, 208 
I 'srction, IH 
ol amoeh.i 27 
ol amphiosus 341 
ol artliropods, 274 
of Lhiion, 25 
ol ilam, 215, 217 
of Larlhworm, 248, 249 
of grasshopper, 305, 306 
of hydra, 90 
of lobster, 288 
of nemertean. 173, 174 


of nereis, 235, 2.36 
of paramecium, 34, 35 
ofpianaria, 129, 130 
ol rotifer, 190 
ol roundworm, 179 
ol starfish, 330 
sanation aniong insects, 314 
F-xerclorv 

taiuils, 129, 1 30, 162, 173, 174, 179 
poru 129, 130, 174, 177 179 
tubes, 198 
fcxeuricni 

opening <4 sponges, 75, 77, 78 
ol eldin 211 212 , 21 3 
Isopodile 2 S! 

[-\oskelelon 264 265, 280 
I \p.msion ol wings id insects, 309 
I \iernal pniiisiics, 1 54, 155 , 155 
1 \ e ol nrtlireipod, 269 
ol C leiopi.i moth, i'<9 
ol ecntipede, 297 
of eras fish 75 
ol dragonllv, .tv 
of g istropod 206 
of gr.isshoppi,! 103 
ol iiistels, 269 '-0,271,315 
ol lobst.r 2 S 2 
ol millipede 299, Si 
of lle-iei 235, 216 
ol planaiia, 1 34, 1 35 40 41 
ol spider, 293 S/ 
ol s[|uiJ, 221, 224 225 
e)l tnlobile 358 
1 VC brush, 318, 319 
Lves, sanation among insects, 315 
1 \espot 
ol Z ug/enu. 50 
of feather worms, 64 
of starfish, 131 
of lohox 50,51 


Faeees, !7, 58 215, 350 
Fairv Shrimp 280, 69 
1 amily, 42, 43 
Fun worm, 64 
1 angs 

of eenlipctle, S4 
ol spider, 81 

Ftiicioh hepalwa, 158, 44 
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F ecdmg 

ol acorn worm F46 
of amoeba, 23, 25 
of amphunus 341 
of brachiopod 197 
of br> 0 / 0.111 I'M 
of chiton, 202 , 201 
ol clam, 212 211 21 S 
ofcombjclK 122 121 
of c.irlhwoTn, 242 
of fluke, l^**. I'io 
of lobitcr, 2h5 2Sti 
ofnrmeiicm 171 
of rotilcr, 190 
ol roundworm 17H 
ol sea urchin 117 
of Spider 2‘I4 29*1 
ol sponge 71 7*; 76 
ol st.iiusli 128 12'> IN 
ol siiuid 221 
of i ipeworii,, ’52 
ol tuniculc '41 
Feeding pob 
o\ll\ili.;nnu! 108 109 
ol obeli, I, 98 >»9 102 
ol lil.lL 110 
Fe’riili/.ilioii '2 *12 218 25| 2'''2 HI 
Fever 

eiiused b\ bile 'O ,S ! 
caused b\ ti\ p inoxiiiii. S 4 ss 
malaiia (>1 (>4 (18 on 
rclapsine 6 '* 

Fiddler crab 7fj 

1 ilain 181 S( I u/', 1 lepll inti.isis 

Filtci ible viiiis 12 
Fin-r,i\so( impbioxu,, 119 '40 
Fiiebi.il, 9 / 

Fiicllv 221 , im 
riievvonn 2 M 
Fish-lice 291 

Fill) moth . '( ( Silver fisli 
Fl.kgcll 1 , SI 1 I I igi Hum 
1 lagell ita, 48 . si 1 u/mi I 1 igellales 
FlagelLiles, 48-S8, ,S 
m (. 151 

Flagellum 11,49 

Flume cell. 129, 130. sei ciha 1 v.ietion 
of fluke, 154 

of endoprocl brvii/.un, 196 
of larva ofannelid 238 
of larva of chiton, 203 


ofnemertean, 171 
of phinana, 129 110 
of rotifer, 189, 190 
of tapevvorm, 162 
riauvornis 1244i9. 49 rt 

( cstoda, 162 69 4*;, 4>) 

1 rem ilod i I 84 62 44 
1 ui I ellana I 8| 4 40, 41 42. 4J 
tvol'iliori 368 
pirasitic 1*’4 69 
I lea ,V’ 

moulh pail\ ip 

/ /'IS, ii/cii.i/ 49 

1 liikc lM-62 44 
bliiod 1 56 S 44 
( liiiieM livci I 58 I 5'), 44 
>iici p livci 1 5,s 14 
1 Is IP / K. 

olamocbi 25 
ol C,lll 11 II I ILlIt 54 
ol //'Min.'i/'I , ./ 58 
ol hvji , 87 8<) 
ol ]' II iiiK ciLim 14 
oll'linai,, I2S 129 
I ,, a 

ol cliiion 2o2 
ol cl 111! 210 21 1 
ol pasT.ipod 205 206 
ol I'lhLiliihi I.8S 18'1 
ol >i|uicl 221 
Ull'i SI I 1 idle led 

I o" miimlci' 60 61 tM 
to al 152 151 

11/ u 61 s 

Micll, > 

1 ori -gill 'll UI isslioppcr, '05 
I o ol lecord 

ol br.Kliiopod l'/8 
ol I 198 9 

1 osmK ' 18 /il 12 I S 
clclimoon '48 
ioiincd on 1 iiid 150 
Hides 351 

ol rnaiiiiL iiivcrtcbraa's, 150 
I resh-walci 
brso/o.in, 51 
jellvfish 22 
sill imp "2 
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Fresh-water (conr ) 
sponge, 80, II 
triclad, 1*12, 4^ 

Fringing reefs, 1 16 
Funnel of squid, 220, 221 
f'liriti'iU’r, 125 

Gall Vv'asp, lOa 
Craniete, 52 

Cianglion, sfe alw Brain Nersou 
svstem 

I iision of, in arthropods 272 
ol elam, 216, 217 
ol earthworm. 244 
of grasshopper, 309 310 
ol nereis, 236 
of squid 223 
ol lunieale, 345 

(nirdcn Ik.is 314, u'e tihn Collemhol.i 
(.,11 dell spidei "H 

(j.isiropod 1, 20^, cjIu> (jjstropods 
(gastropods 205 H 54, dd .56 57 
fossil 357 
( i.istrotrk hs 192 
( I istros iseular eaviiv 
ol (.o/iiomvimi, 105 
ol hsdra 86 90 
of obeha 98, 99, 100 
ol plan.ina 125 127 128 
('I I’lcurohnii ho 120 
( .asti ula 

as st.ige in isoliilion, 364 
ol eoclcnliralc, 107 
ol hvdra 92 
ol sea urehiii IIH 
ol starfish, 332 
(.eninuile, 80 81 12 
t.eneia (plural ol (jtniis) sec Genus 
( lellilal ehanibtr 131, 132 1(.3 
(ruiii.il pore, 1 II 132, 163 179 
(iciuis, 4 3 

er.ih, 76 

squid, 226 227 01 
seater bug 99 
(inirJuj, 58, 3 
(.ill 

bars of amphioxus. 339, 341 
book of king erab, 296 
heart of squid, 223 
separator of lobster, 282, 283 


Gills 

of arthropods, 274 
of ehiton, 202, 54 
of elam, 212 
ol gastropod. 205 
of lobster, 287 
skin, ol starhsh, 330 
Gi/zard, 246 285 6 305 
bhhvcnno. 6l. 5 
Globigeima oore. 61 
Gloehidiuiii, 218. 219 
(.lowwoiMi, 224 lOi 
Cion.id , ice Sex organ 
(suiu,memu\ 1()\ 106 107, 108 
(,onuio!o\. 51 5t 
liimineseeiue 224 
Gonhus, 1H5, 186 
Gorgonians IP, 118 36 3’ 

Ciradieni 

unteropostcrior 143 
in eontrol of normal dtselopment, 
l4o 147 

experimental .illeration ot. 146 
how si irted in anun ils 146 
nie'diol.itcral 149 
mouth-b.Lse 141 
ventrodorsal, 149 

(iralimg in planaria 142 143 144 41, 

(.r.ipefruit erop destrovid. III 
Oraplolites 353 354 355, I2J 
(ir.iptoroa, 354 
(lr.ls^llopper, 30 1 1 3 9 3 
abdomen, 305 
as food, 112 
ciieiilators sssiem, 308 
damage b\. III 
digestne inel 31)5 
txeretioii 306 
head 303, 304 
legs, 304 305 
nietaiiiorphosis, 312 321 
mouth parts, 304 
nervous svsiem, 309 310 
rcprodiietion, 309 311 
rcspiraiion 306-7 308, 309 
thorax, 304, 305 
wings, 304, 305, 306 
Great Barrier Reef, 116, J2 
Green glands of lobster, 288 
Grcgarinc, 7 
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Growth lines of clam shell, 209 
Guinea worm, 183, 184 
Gullet 

of Luglena, 49, 50 
of paramcLium, 32, 34 
of Stentor, 67, 68 

Gullet grooves of sea anemone 114 
Ovrodiiitylus, 155, 157 


Haemoevanin, 74 
Haemoglobin, 172, 235, 74 
Hairwerms, 184-6 
Ilulwii'i, 56 
Haltere, H7 
Harvestman, 293, H2 
Hatching, 93, 308 
Hazelnut weevil /tl2 
Head 

of amphioxijs, 342, 343 
of arthropod, 267, 268 
ol centipede, 297 
of chiton, 202 
of clam, 216, 217 
of cravlish, 73 
of earthworm, 242 
of gastropod, 206 
ol giasshoppcr, 303 304 
ol lobster 28 1 282 
ol nereis, 231, 236 
ol plan.trij, 124, 127 40 
ol rolilcr 189 
of tapew'orm 162, 45 
Hear! 

of ampliioxus 341 
of aithropod, 27 1 
of Isrnchiopod 198 
of chiton, 203 
of clam, 214, 215, 216, 217 
of cockroach, 92 
of earthworm, 246, 247 
of grasshopper, 305, 308 
of lobster, 287 
of spider, 295 
of tunicate, 342, 344 
Helioroan, 62, 63, 64 
Hellgrammite, 96 
Hemiptcru, 99 
Hermaphrodite, 91 
Hermaphroditism 
of barnacle, 291 


of comb jelly, 1 23 
of earthworm, 250, 251 
of fluke, 155, 159, 44 
of hydra. 20 
of insects, 314 
of oligochetes, 253 
of plnnaiia, 131 

of tapew'orm 162,163 1 04 , 45 
of tiinicale 342 344 
Hermit crab 76 
lUitronereis 233 
Ileterotiichs 68 
Hexicoralla, lussd, 335 
Hirid-gut of grasshopper 303 
Hingt 

ol brachiopod, 196 
ol clam shell, 209 
Hinge teelh 211 
llippopus, 38 
Hirudin 237 

liirudinca, 236-7 \<r aho Leeches 
lliiudii meJu n.ii/o, C 
llolotrichs 67 
ilonumiy 

44 

Honu'logv , 266, 36 ! 

Iloncv, 112 

Hunesbec 317 318 319 320 56 lU' 

Hooking sponges 13 

Hooks 

olfliilc, 133 137 
ol I ipeworm, 167 4' 

Hookworm, 180 I 4S 
Hormones of moulting in ln^ecls, 322 
Hornet's iic'ct, /(IS 
Horns covering 
lossil 349 
ofobelia,97 9,8 
Hornv sponge, 77 78, JO 
culture ol, 14 
fibres ut 76 78. 12 
fossil, 334 
spongin of. 78 
uses ol. 14 
Horse-hoof clam, 55 
Horseshoe crab, vee King crab 
Host 

final 158 
mtermediate, 158 
man as. 165, 167, 168 
sheep and cattle as, 167 
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Houseflv, f'i7 see ahn Fly 
legs 317 

sponging longue of, Sb 
Huntsman spider. S7 
HvdaliJ cvsi, lh7 
li\Jnii(iru'. J2< 

H>dra 83-%, /5-2i; 
hch.ivioiir, 93 4 
luid.90, f'i /■'■ /'y 
umiriiLteJ, lb 
Jeielopmcnt 92-3 
digestion m 90 
L iiing woim fP 
egg 91 92 29 
iliminatuin, 90 
Lll/MlKs S9 
I ssrclion 90 
Ucding Kl OS U, 
g.istroeass ul.ir l.i \ ils SO, 90 
gi.ulienl 14 3, I4() 
lierinJitlirodili ni 9| , 20 
liicomolu'ji 93 90 
nuse iKl 9i 94 
osais Sn 91 2 ) 
iigLner.Oioii 9 1 91 141 148 
lepiodiiLlion 90 9| 92 /'■ 19, 2o 
iispir.ilion 90 
spi nos 91 92 /V 
with leslC' and Inid /9 
thread e ipsiik S3 ht 
\Mlh \oune hud Z'' 

//w/.n /inor.i/o Z1 
IhJunauui 10' lOS 109 110 
Hs droid, 97 224 2/ 

Hsdro/oi 109, 1 10 2!. 22, 2)' 
lossil 334 

H\ din/oan jelMish 22 
Ih niLiroptei i, l(F, 109 
llvputiiel), 09 ■’ 

ithneiimon IK, osiposiior of, 32tl 
Impression fossil, .149 
ItiLomplete inetainorpliosis, 11b 
loeurreni ports ol sponges 75, 77, 78 
Ineurrent opening of clam, 211, 212, 21 3 
Independent 
bdtierid, 12 
plants, 1 1 
Index fossil, 351 


Individuality 

beginnings of, in In/in^. 51 
ol sponge, 78. 79 
Ingestion, 16, \ep also I eedmg 
InhibitKin 

b\ brain ol grasshopper 109 
as liinetion of brain, 236 
Ink sat ol s(|iiid 221 
Inner hraneh of aithiopod appendage, 
2hl 

Inseet, 100 24, VS 112 see alic (Jrass- 
hopper 

ul'donicn 3os^ 120 
air lubes 300,307,90 
antenna, 113,09 

anus 106 

belnvioin 277 122 
blood, 308, 309 
eirculaiorv svsteni 274, 308 
eoloui \isioii, 113 
devtlopineiit, 31 1 1|2 
digestion. 103 111 
tseielion 10(1 314 
ise 268 209 270.271, 1|3.S9 

lossil 160 I2'^ 
head 268 
lioiiiionts, 322 
laiva 273 :7(, 

legs 304. 103, 317, 318, 319. $6 
meaning ol name 303 
nietamoiphosis 273 276. 312, 320, 
321 

nioiiliing, 276, 312, 313 

mouth parts, 304, 316, 317, 318, 8li 

ncrvoii, system, 309, 310, 314 

orders, 323 324 9/ 109 

phases ol lilc-cvcle, 275-6 

poly mot pliisni 276-7, 94 

pupa. 275, i(V aho Pupa 

reproduelion 309,311,314 

respiration, 306, 3|3, 90 

sense organs, 273, 4 1 4, 115, 316, 89 

smell, 316 

thorax, 302, 304, 305, 317, 318 
tvpieal, 302 

sanation in structure, 313-20 
vsings, 271, 305, 318, 319, 320, 87 
Instinctive behaviour, 111 
Intermediate host, 158 
Internal parasites, see Parasites 
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Interna] skeleton of squid, 226 
Intestine 

of aniphioxus 341. 342 
of brachiopod, 197, 198 
ofbr>ozoan, 194 
of Liam, 213, 214 21*; 
of e.irthworm, 24*5, 246 
of grasshopper, 305, 306 
of lobster 28 S 286 
of ncmcrican, 170, 171 
of nereis, 23 1, 232, 233, 235 
of PhoroiinJea, 199 
of roundworm, 177, 178 
ol starlidt 329 
of tsetse O',, 54, 56 

Invertebrate thordates, 3 38-47 
Invertebrate relationships 362 71 
Invertebrates 

distinguished Irom vcittbiates 13, |4 
pereentagL ol, in amnial kingdom 1 3 
Isopod, 7ll 
Isoptcra, 94, 95 

Japanese Btetle 102 
Jaw 

ol arthropod, 269 
ol Lcntipedc, 297 
of cicada 317, 3|H 
of grasshoppei , 303 304 
ol lobster, 2K2 28 3 
of nereis 230, 2 31 
o( peripatus, 2/39 
of squid, 221 
of stag beetle, AS 
Jcll> 

ot Aurelia 2'’ 
of comb jells, 121, 123 
of (nmwmwi/s, 105 
Jellyfish, 24, 25 2’’, \ee al\n Medusa 
cells in jelly, 27 
lossil, 354 
hvdro/oan, 22 
jeliv of, 27 
lifc-history, 26 
stage ol obclid, 22 

Jellvhke material of hvdra, 85, 87, ire 
u/m Jelly 

Jointed appendages of arihropodi. 

examples of, 267 
Johcioieras, 126 


Jurassic period, 353 

Kalhma Butterfly, H5 
Kalohrntes. 94 
kal)did,A5. 93 
Kev-hole limpet, 55 
Kidncss, ic, aho Lxcrction 
ol chiton 203 
ol Liam, 217 

king crab, 295. 2% 297, 7/ 
as ‘ living fossil', 296 
lossil of, 353, 359 see u/m /Vh/hi/, /, 

L.ibium 

ot grasshopper, 304 
ol insets, 317 
ol stag bcLtlc AA 
Ldbrum, 103 
l.nccwink flv V6 

Ladder tspc ol nersou' system 1 33, 20 
I amaick 14 

lamp-shell s(. Hrashiopod 
I and Iile, riiiuircnunis lor, 265 266 



nauphuv, 29| , 
ol atorii worm, 346 
of ant Ur 

of ant lion, 320 32I. 95 
ol arthiopods, 275 276 
ol blood fluke, 1 56 
of bollls, I III 
ol bnielnopods I9H 
ol bryo/oa, 195 
ol chiton, 203 204 
of clothes moth, III 
ot coclcnicratcs 107 25 
ofCmn/u/irs, W 96 
ol crustaceans, 29 1, 292, 59 
ol dobson flv, 90 96 
ol CLhinoderms. 325 
of king crab, 29(, 297 
of lacewing flv, V6 
Ot lobster, 289, 290 
of Monarch butterfly, 104 
ol nereis 237 
of obelia, 101 
of spiny lobster, 74 
of tsetse fly, 320 
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Maggot 

of Chrysomyia, 106 
of flics as food of man, 112 
Malaria 
of birds M 
mo<iqiiito 64, l!o 
symptoms of, 6? 
treatment and control of, 65, 66 
Malarial parasite 6t-6, 7 
Malpighian tubulfs ol grasshopper, 30t' 
Man as host 

bihii\o<Oiiii\, 16^, 167, 168 
of Irypanosomc, 54, 55, 56 
Mandible, w>e Jaw 
Mantle 
of chiton, 202 
of clam, 211 212 
of squid, 219, 220 
Manubrium, 105 
Marine shi imp 72 
Mastax, 190 
Max.llas 

of arihropod, 269 
of butterfly, ^ 1 7 
of cicada, 317, IIH 
of grasshopper, 304 
of lobster, 28?., 283, 2R5 
of moths and butterflies, HH 
Maxilliped of lobslei 282, 283 285 
Mavfly, 321, 9" 

Mealy bug, 100 
Measly beef, 46 

Mediolateral gradient ol bilateral 
animals, 149 

Medusa, 105, see a/sn Jellvfish 
of obeha, 98, 99, 100, 101, 102 
Membrane, cell, 18, 19 
Mcmbranclles, 67 68, 69 
Mesenelnme 
blood cavities in, 273 
cells, 8.5 

ol planaria, 129, 131 
of sponges 74 76, 77, 78 
of thrce-lavercd anim.ils, 126 
Mesentery of nereis 231 212 
Mesoderm 125 

of developing grasshopper 312 
evolution of, .367, 368 
of nereis as coelomic lining, 230, 232 
of planaria, 125, 129 
Mesoderm cells, primitive 237, 238 


Mcsoglca , see Jellylikc material 
Mesozoic era, 352, 353 
Metabolic 

gradient theory, 145 
wastes of planaria, 129, 130 
Metabolism, 17 

Metagenesis, (alternation ol genera- 
tions), 102 

Metamorphosis, 275 312, 313 320, J21, 
322 

Mctndiiim, 2H, 29 
Munntona.O 
Murotiliiiu,, 183 

Mieronuwleiis (small nucleus ol ciliaies) 
36, 66 

MicroMorniim 151 and llieorv of origin 
of segmentation, 239 
Middle si in, ire Mesoderm 
Mid-giil of grasshopper 305 
Migration of inseets 301 
Millepore, 37 
Millipede, 298 290, s 3 
fossil, 360 
Miraeidium J56 
Mi-sing link, 258 
Miswssip[)iaii peiioj 353 
Mite 2M yj 
Mitosis, 29 
\f'uniiip\i\ 2’'! 39 
Molln L 201 29, s 1-62 
blv.iKe, 20 1 
bod\ plan 220 
ehilon 201 4 )t 4 
clam 209 19 3,3 5V, 60 
cvoluiioii ol 368 
lo^sll 35 3, 3S7 
oetopLis, 219, 62 
squid, 219-27 6/ 
to Oh shelK 203 209 
Moliusea , sf’i u/w Mollusc 
classes ol 

Amphincui.i 201 4 2()5 53,54 
f cph.ilopod 1 2l9 27 6/ 62 
Giisltopoda 205 8 54-7 
IVlecSpoda, 209 1 9, 5(3 59, 60 
ScapliopoJa, 20<S-9 
Monarch butterfly, !04 
Mosaic vision ot arthropod, 270 
Mosquito 

Anopheles, 64, 65, 1 10 
Culex, 64 
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Mo^quilO {cont ) 
nialarij, fil, 64, 65. 66. 110 
mouth pat Ls of, 317 
yellow-fcvcr. /06 
Moth 

( CLropui '''V, 105 
clothes, III 
suikmit tube of. SS 
imei, 105 

Mould, lossil, niditricr of lormation, 344 
Moulting, 276, 308 312, 313, 74 
Mouth 

dcvelopmenl of ii) starltsli larva, 
n4, 335 

ol iicorn worm, 344 345 346 

ofamphioKiis, 341 

ot brathiopoil, 147 148 

ol br\o/oan, 143, 144 

ol .'o'on 202, S) 

ol lI \m 212 214 215 

oli.omb)cllv 120 

ol e trllivtorm 215 

o\ (ii>ni 105 

of 1 lasshoppci 305 

ol In dr, I, 8(. S4 40 

ol lob let 2.SS 

itl nt.nerlt in 170 171 

ol iicitn, 231 

ol obeli i ntctlus i 48 100 102 
ol plan 11 11 Po P ' 12H 
o( roliki 184 |4tt 
ol roiindviomi, 177, 178 
ol spidir, 244, 2 35 

ol St II tish 32 i> 

(s| tiinu ,il. 34' 343 
Moi til .1111 'tba ''4 (lO 
Moiith-b ' n ur.idu-nt 143 
Mouth lobc^ ol Iwii/ii) 111 
Moiitn ]i,ii I 

ol gi ,i-,sltopp,,i , 3t) 3, 304 3 1 6 
of nisei. Is 3U), 317 3h, ^,5 
Moiitli pon ol pii inKsi'jiii. 32. 34 
Mo\(.nient amoeboid 23 24 
Mu.us 
in keJtng 
ol amphioxus, 3 41 
of clam, 2P 

111 111 itiiig ol eaiihwormx, 252 
MuJ-dautsei wasp, lOK 
Multiccllulaiity. 7 3, 74 
origin of, 367 


Mu'icle. retractor. 171, 172, 194 
Muscle cell, 74, 78, 84, 85, 1 25 
Muscle scar of clam, 210, 21 1, 213 
Muscle lissuc, 84 
Muscle, 

ol antpliioxus 339, 340 
of chiton 202 
of clam 210 211 
of I 148 

of lobster, 284, 285, 286 
ol nereis bodv wall, 2 30 
of nereis intestine, 230, 231 
of roundworms. 176 178 
sliiatcd, 285 

MuUiahsm (svmbuisis), 58, 152, 153 

N.icreous Laver 204, 210 
Naiad 

ol dr.igonllv, 321, W 
ol nutllv, 0- 
Namc. scientihc 44. 45 
Nnirliiis larva 291, 

Naiililoid lossil, 358, 126 
Natililus 214.6/ 

\<.mor amnuj'i'is, ISO, 181, 4A 
Ntcdlc-spincd ,c,i urchin IN 
Ncmalocvsi 88 84 40 41 
Neinatoda 175 84 4'’ 41 \ec also 

Roiiiidwonn 
Niin.itomorph 1 IH5-P 
Nemerlea , V(’( Nemcriean 
Nemcrtcan, 170 4 
circiiliiorvssicm 171,172,173 
digestive system 170,171 
evolution, 368 
excrctors svslem 173, 174 

lossil 3‘;n 

nervous s\ stem 174 
pilidnim larva, 174 
probosen, 170, 172, 173 
reproduction 174 
Meolenio 12" 

NephriJia 

ol caithwonn, 247, 248, 249 

ol pcripatus, 260 
Nephiiditim, vee Nephridia 
Nereis, 228-40. 6? 

Circulatory system, 233, 234, 235 
coelom, 231, 232 
development, 237 238, 239 
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Ncreii (rant ) 

ditJtstivc system, 23 1 , 232 233 234 
exLfetorv s>stcm 235, 236 
tlndinn 230 
ldr\u. 2 37, 2 38 
l(iuimoiu)ri 220 
nirvoiJs SNsltin 234 230 
ri.prndiic'i<iM 237 
respiMli')ii 230 2 ''' 
sLgnii.iil,ilii)ii 22V 2 '8 2 30 
(lit;. ins 234 2 33, 23(. 

Ncist l(.1K (('( a'." Nlimiii ...'nm 

S.n ,11 (.til ,,l lisdi I 'U ns 
IikIii-sliimI VI (il pi in 111 I I 3) I I' 

in.iigi.i il iin^ol in nlitli i 101 
Nerve liiilI, ( , 'scrviui' sisiein 
Nei VL impulses piLLtl iil in e ii iIivmh m 
2)^ 

Net Vs ncl 

ol (ii'iiiti’u iitus, 116) 

cl hvJn,03 04 05 
clni.in 134 
cl chvli I in Ills 1, nil 
cl pl.iniiii 1 34 
cl SL I .iiuni iriL 1 1 5 
Nsivcic sv isin 

cl U I’l II vV Cl 111 341) 
cl inipliMsii 1 30 340 
ol .11 till c|), 111 27| 272 
cl vinicii 20' 
of lI.iiii 2I(), 217 
cl Lcmiv lellv 121 
ol c iiilivvciiii 24', 244 2)5 
cl (/,)/rn'i,V)i c. 105 ion 
111 t{r,isslicppLi 300, .310 
ol hvJra 0 3 04 
cl lohsur 2H8, 280 
ctiKnicricin 174 
cl lUiLis 234 23<) 
clclv.lii 101 
ol pi 111 in 1 111, 134 
nl rcunilvvcnn 170 
ol sipiiJ, 223 
of starlivh, 3 30 
oftjpcvvoim 162 163 
ol liiniLjti., 344 '45 
\.iri.iiions of, .imoiiu insi.„ls, 314 
Nervous tissue, 84, un' n/io Nervous 
system 

Nettle coll. \ei Thread eapsule 


Neuroptcra, 96 
Niche 301 
N, n uliH, j. 5^, 224 

Notoclusrd, 3 30, 340 344 345 346 
Nucleus, 18, 10 
futiciicn of, 22 23 
of .iinceha, 21, 22 
ol ciliaiCs 66 

of civ sciili rv .inioeb.i 58 50 
of < III I’liiit'li . I nil, 58 
ol Opcilnhi 06 

ol p ir,in. suiiii 3(' 37 38, 2 
ol S.iiii.ii, 67 6.S 
ol i,' p 111.1, oiiic 55 
ol I.. 60 
\uiii’ii I'lii 1 12 I 

Nut ilion cl'llcicilcc hct(ve..,i pi i il 
.iniin.il II 12 

Nuiniivc niiisc il.ir cell' 85 .87 
Nviiipli il2 3'1 
ol cl, 1 III! 
ol e )., I ). h OJ 
ol pr I'shoiipci 3 1 2 

Oik \pplc ID' 

Ohcli I o-- lo: 

ci'nipnis.in ol iiiciliis.i uul p, 

101 1.12 

clcvclop'iuiit 0 1 100 101 
kccl.ne on 

loi 111 III 11 .)l col. in. 07 
li istrov.iscul 11 c IV II V Is 0 I 
icllvlnh O.s D) l,)'l 102 
Illc-i.cit 100 
lUllllllCSCclKC 22 t 
Iicivc ncl nil 
pcivinoi plii-,ni, nil 
rcpio.luciion Os 00 KHI 101 

t)cclli 30' 304 
Ocloc.'l ilLi 1,1 ll 355 
('ct.ipil' 210, l>2 

< iJoii iij , M ( Dr iitivnilv 
oa.iiii Smell 
Ocsi'pli.ipu' 
ill ciiliiii, 20 3 

ol cl.am, 21 5 
cif c.irlliworm, 245 
of gr.isslioppcr, 305 
of nereis 231, 232 
Oil drops ol uinoflagcllates, 5' 
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Oligochaeta , see Oligochctc 
Oligochetc, 255. 256, 76, 65 
Ontogeiii , 

Onychophora 25S-6I, \cc also Penpatus 
Opalma, 66, 67 

Open circtilatorv syslcm, 274, 287 
Opiic Nerve. 22*;. 21“; 

Oral groove, 32, O, 14 
Onl papillas o( penpatus, 259 
Older, 42 

OrJoviei.tn period, 1^2, I*!'! 

Organ-pipe eoial, 1 1 7 
Organ-svstem level ol eonsiiueiion, I2() 
167 

Oiganie evolution, mi l.volulion 
Origin 

111 aninial kmgelom 11 
ol hlc, 12 

oi (ilaiii kingdom, 1 1 
of protoplasm 12 
(hthowa'- 12h 
Oilhopiei.i V.-l 

( ) phi.idium 217 

O'lraiod 292 

Osli leh-pliinie llv droid 2/ 

(niter hi llleh ol aillnopod .ll'lieiuliiee 
281 

Ov.irv 

('rhr.ieliiopod, 198 
ol hrvo/oan 194 
ol el, mi 214 
ol eoinb )ell\ 121 
oi caitlnvoim, 210, 211, 252 
ollluke 111 
ol gr.TvdioppLr, 101, ! 1 1 
ol hvdia 86 91 92, 20 
ol nemcrte.in 17 1 
of pi, maria Ml 112 
of roliler, 1 89 

ol roundvvoim 177 178 179 
ol sea .inemone, 1 1 I 
ol si,irlisli 0| 
of 1 ipeworm 161 
of tunieate 342 
Ovidlle't 

of 4 V| uriv, 179 
ol gr,isshoppe’r 105 311 
of lobster, 289 
ol plana ria, 111, 132 
ol Uipcworm, 163 


Ovipositor 

of ichneumon fiv 320 
of insects, 302, 320 
Osid.ition see Respiration 
Oyster, 209, 212 

P.il.ienionctes ’2 
Palororiiuiion IJI 
PahunpliMmi , !6(l 
Paleontologv 111 

Paleostraeiia, 291 King crab 

Palco/Ole ela, 351 152 15 1 
I’aloUivvorm 25 1 214 
Palp- 

ot elaiii, 212 2l4 215 

l. ibial 104 

m, iMllai\ 304 

sciisorv ol gi isdioppei, 104 
Pandora moih eatei pilkiis, as lood 112 
I’lai'ilinis, 4 

Paranieemm, 11-40 45 2 
an.il (lore, 14 35 2 
avcnding ie,u iKMi 1,S 19 40 
beh.uioui 18, 19 40 
Lllll 12 11 11 11 16 

e'oiliiig Ition, 17 18 

conlrjetlle V leiiole, 14, 15 

eo-orilm.iliiig riicLli.inism, 14 35 

digestion, 14 

division 2 

eliniin.iiion '4 

ev,-relion 14 15 

leedmg 31 14 

locomotion 1 

nouromoioi .apparatus, 14, 15 
nuelei, 1(i 19 18 
oiitei eovcring 11, 12 11, 2 
ret'rodueiion 19, 38. 2 
real'll, iiion 14 
tiiehoev .ts II 32 2 

Ikiiaates 

1 pill h 1 Inn 176 
lliilaii'iiliiirn mil 1 
I'lood lluke 156-H 
dvscnlcrv .iiihKh.i, 58, 59 7 
lliiv>orms 15(1 69 
Oiike causing pcail lormation, 210 
lliikes 1 14 62 
(iiarclia, 58, i 
gicganne, 7 
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Parasites (coni ) 
insect, no, III 
malarial, 64, 65, 7 
mites, 82 
Opahna, 66, 67 
roundworms, 175-87 
Sai ( uhnu, 29 1 , 292 
tapeworm 162-69 
trypanosoiiK, 54, 55, 56, 4 
Parasitism, 150-69 
Parthenogenesis, 191 ?14 
Passive transfer of parasites, 160 
Pea aphid 100 
Peacock woini, 64 
Pearl, 209 210,60 
Pearl buttons 60 ^ 

F’early laver, 209, 210 
Pf^len, 118, 5,V 
PcctUuncnn, 5/ 

Pedicellana 310, 111 336, IN 
Pedipalps 
ol arachnid, 29J 
of scorpion, 294 
of spider, 294, 295, 81 
Peduncle of br.ichiopod 196 
Pclccvpoda 209 19 5A 50 60 
Pennsylvanian period, 351 
/Vpiiv tormoui 100 
Pericardial caviiv 
of chiton, 201 
of clam, 215 216,217 
Period geological 151, 352, 353 
Periodical cicada lOI 
Pcrioslracum, 209 
Peripatys. 258-61 
Peristalsis, 231, 246 
Peritoneum 
ofbryo/oan, 194 
of nereis 231, 2.12, 231 
Pcritrich, 69 
Permian period, 151 
Pcirasicr, 125 
Phalangid, 82 
Pharyngeal gill slits 
of acorn worm, 144, 145, 346 
of amphiosus, 319, 140 
Pharyngeal slits, 142 
of tunicales, 342, 343, 344, 345 
Pharynx 

of acorn worm, 144, 146 
of amphioxus, 340, 341 


of chiton. 202 
of cicada, 317 
of earthworm. 245 
of nereis, 231, 232 
ofplanaria, 126, 127, 128 
of rotiier, 190 
of spider, 295 
of tunicaies, 342, 343, 345 
Phtlvdirut, 188, 189 
Phnlus daitxhis, 225 
Phoronidea 199 

Phosphorescence, see Luminescence 
Photosynthesis, It 17 
loss of, 12 13, 166 

Phvla, 42, see aha Invcrlchratc relation 
ships Phvingens Phylum 
evolution ol animal, 162-71 
Phvlogcns 164 
Phylum 

Acanthoceph il.i, 186, 187 
Annelida, 228, 229, 241 
Arlhropoc.i 262 279 300 
Br.ichiopod, I 19li 
Brvo/oa 192,191 
C haciognatlia 199 
( hordata 118 
Coelerilerati 8i 109 
( tcnoplun I, I (9 
f chinodermat.i 325 
r cinuroidea, 66 
(j.isinnrich,i, 192 
Mollusca 201 201 
Ncmiloda, 175 
Nematoiiuuplia 184 
Ncmerlei 170 
Onvchophor.i 258 
Phoronidea, 199 
Platvlielniinthcs 124, 15(1 
Poiilcra 71 
Protozoa 20, 42. 47 
Rotifera, 189 
SipuiKiiloule.i 67 
Plnscilij, lOH, 109, 21 
Piercing and siieking mouth parts, 316 
117,318 AS 
Pigment 

ofaithropoJeye, 270, 271 
of dinoflagcllates 53 
of nereis eye, 215 

Pigment eup of plananan eye, 134, 135 
Pigment spot of amphioxus 342 
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Pilidium larva, 174 
Pill buB, 'cr Sow buj 
Pinching leg of lobster, 2S2, 284 
Plat ahtUlltl, bb 
Planirw, 124, 40. 41 
anteniir end, 124, 127 
bthaMoui, I '4 IPi 
digestion I2K 1 2d 
digestisc sssicii) 126, 12"^ 128, 129 
Jiiisdl side, 124 
(.liiiiiiialioii, 128 
euKiion 126 110 
IcLiling I2S 
tiimc cells, 126, 110 
^.isliovasiulai cavil\ 128 

gr.nlicMh 141 

gi ailing 142 141, 144, 41. 42 

lo, oiiiolii m, 12“' 
niiscni livniL 12'» 111 
me aide rm 121 
miisele-s I2S 128, HI 
111 r\ DUS sv stem 111,114 
[ill liens 12b, 127 128 
I'Dl.inte , 141 , 142 
I'Dstei lor end 124 118 
re gene-ration 141 142 141 148 
reproduelioii 129 111 I 12 1 11 
eeillral side 124 
Plan man I ind, |82 
PhwHtra 1^2 181 
Plant, Jistingiiislicd from .iniinal II 
Plani-anmial II, 12, wi- u/io llagellaks 
Plintliee IlXl w 1' «/'(' Aphid 
Planllike llagell.ite. 48 4d 
PI inula 107,20 
Plisniagel 24 
Plian.isol, 24 
I'iasnitJ'iini fah iparntii 7 
Plats helminthes 124-17, 150-69, sei uIsd 

f latssoi Ills 

Vlt’nrahrthhia. 120 121 224 JV 
/’/( IDl/i li/D, 124 
Pismuiulli, 191 
PulSOll 

claws of centipede, 297 
glands, 294, 120 
ol se'orpjoas and spiders, 291-4 
Polar axis, 147 
Polarit>, 141, 142 
Pollen 

basket, 318, 319 


brush, 118, 319 
combs, 318, 319 
Polvehacu , see Poivchete 
Poivchete 282 -8 356, b-f, 64 
Pohclad, 182, 153, 43 
Polymorphism 
of arthropods, 276, 277 
ol biso/oans, I'M 

ol eoeicnterales, 101 102, 108 109 
Polvoiihis 22 
PoKp 

ol eoelciUeralcs 108 106 
of obchi 97 102 
/'o/iifomu, I 87 

Poly/oa 191 icr Bryo/oa 

Pond lec-eh, b7 

Pore 

cserelors, 129, 130, 111, 174 
ol roundworm P?, 178 
genital IM, P2, IP 163 177, 179 
gills of dim 212 
Poll eaiial ol starfish 1 i3 1'4 
I’oK celK of spongis, 74, 77, 78 
Porifcia 71 wi Sponges 
Pork tainwonii 164, Ki'- 167 
Poriugiiesc maii-ol-war 108 10') 23 
Pr.is ini; manli , df 
PiL-( imhiian reicks 381,, 152, 151 
Pre-L ion, L Dial 117, ?4 
Pn I /It //> hit), 124) 

Pi imitiee 
inserts, 276, 6/ 

mesoderm edb of ncrtis 217 238 
Prismatic User 209 
Prob('s,.is 0( (i/'o Phaisns 
of .icorii \sorin 144 '48 
of hiitterfls 116 1 1 7 
Probosei, worm , oo Ne ncric<in 
Proglottid, w-e Se-etion c'f tapeworm 
Pnisttirpuis 360 

I*ioleeli\e-miis,.iil ir ee-lh ol c-toderm, 85 
Protective polsp of //ii/iatfmiu lOK 109 
Protein 

erystallization of, 12 
lilterable viruses as 12 
Proiero/oic era, 151, 151 
Protista, 48 
Frotodonuta, US 
Protoplasm, 11, 18, 19, 73, 74 
Proiopodite, 281 
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^otozoa, 20^-40, 47-71 I H 
amoeboid, 551 
(Uliiltd, 66 
c.lasscs of 

('ihatj 66 70, 7, S 
H.igill.Ua, 4K-‘;s, 3 4 
Sarcodina, *'.1 64, 5, 6 ^ 
Sporozoa 64- 66, 7 
uilonial 50, ‘^l, 52, 5] 54 7(, 3 
eNolution of, 166 
ttigellated 4K 
losMl 152 /21 
i.umbtr of \pcLifs 4"? 4K 
paiasiDi. 54 60 64 6 67 68 
rcgtncralion 140, ^1 
•ipoie-loriTK rs 64 
SuLt(>ria 70 

f’\cuilo{ i rit\ 4i 

l\ruilin o. I as i i(ri, 1(H) 

Pseudopod 
ol nmoiha 21 24 
of ( III ) \iimoi lui 4H 4'< 
ol lor.onmiki 60 61 'i 
ot IilIiozo III (i2 61 
of India 87, 8 ) 
of radiolanan 62 
ofS.irsodina 5,s 
of Iriihonimpha 57 
/briK’opo 12 ^ 

Pulmonale g isiiopod 208 
Pun! )c moulh pai is ol H'< 

Pupa 

ol am Id' 
of am lion, 96 
of urlhriipod, 275 
sif ( esropia moili /05 
ol flv (( /in Sl'HMIU) Idf, 
ol insctk, 121 122 
ol laecssing ll\ V6 
of Monarch buiicrlU I1/4 
P)orrhea 57 60 

Quaicrnarv Period, 151 
Queen termite, 277 94, 95 
Quinine 65 

Race, 44 
Radul 

canals ot staihsli, 126, 127, 328 
nerves of starfish, 330 


symmetry, 138 

secondarv, of starfish, 139 335 
Radiation, adaptive, 302, 301 
Radiolanan, 61, 62 6 
fossjl, 15: 

Radul I 
ot chiton 202 
of gastropod 205 
of land snail, 55 
ol Octopus 62 
of squid 221 224 
ot wliclt , 54 

Rcca[iilula(ion principle ol 164 
Riclla I5s| |(,| 

Reel coial 116 12 H 
|o,ul 351 165 

Kill iclive I'och ol arthropod eve 
Rcgc ncialion 

ol highii invertebrates 140 141 

ol livdr I 9(1 91 

ol pi in III I 141 142, 141 145 

ol pioto/oj 140 141 

ol spidci leg, '9 

ol sponges hi, 9 

ol Uirlisli //./ 

Kel.ipuiii’ level tick (82 

Ri pioeliielion 
olanioebi 29 
('I .11 liiiopod 275 
ot brae liiop hI 196 
ol iuvo'o.i 194 195 
tifeliiion 201 
ol elam, 218 219 
ol c iriliveoim 249,250 251 252 
ol lliike 154 1 55 
ol gr.isdioppei 109, 1 1 1 
ol ll)tlr,h 'iiiu, 1 1(1 
ol iolMer 289 
of ncren 217 

ot otielia 98, 99, 100, 101, 102 
ot paramcciiim 17 38 
of [iLiipatus 260 
ot planaria 129 Hi, 132 131 
of reiimdvvorrn 179 
of sea anemone, 1 1 S 
of sponge 79, 80, 81 
of tapeworm, 162, 163, 164 
of tunicate, 342, 343, 344 
ol fo/wn. 51, 52 
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Reproductive organs, see Reproduction 
Rcproductives, termite, 277, 94 
Respiration, 17, 18 
of .irtliropod, 274 
ol brachiopod, 197 
(i| Liam, 21 1 
ot carlhwoiin, 247, 248 
ol grassh('ppci, 706, 307 
of hvdra, 90 
ot lohstir, 287 
of iiLfLis, 2H) 238 
of pLiii'atus 260 
ofspidir 29S 
ol sponi'i 7'> 

ol siarlisli no 

L iiniiou' .iniong insects 3|3, 314 
Kl ponsi to ^tllnull til UehaMotir 
IMiin o, a/wIvL 

ol arlliropoLl ( \L 2()‘t 270 
ol sl|iiiJ lm 228 
KIi.iIhIolOcI 18| 
kliino cro huilc /i'< 

/,/' 1, o 3\s 

kii'I'oii Viorni ti ( Ni'iniilcan 
kin': I an il ol ^Ial li di 32(, 

KolI- I arii.iclc ■/ 
koL k-b 'rini; liiL lUc 80 
I'olI shori //f 
Roiiki ISS-U: V) 

si/L of, Li'iiipaicd with .iniocba I 
koaiiLhvt'rms, 178 87 4’’ 48 
fossil 38t> 

Renal chamber ol icrniitc eolonv, 94 


S ibclli M 

\u,ulwii 291, 292 

S,ih\ar\ glands 88, 56 (,\ 65 287 10*^ 
S.inJ dollar m 
Saiulllv mouth p.irts ol, A'.S 
SaiLoditia 8,S see also Amoeboid 
proto7ot 
Ssallop 209,55 
Seals v>ings, V 
Scaphopod 20K, 209 387 
Sear of muself on shell ot clam, 210 
211 213 

Scavengers. 285, 323, 324, 7J, 76, 117 


bdusiosoma japonn am. 18ts-8 
Sihistosnma murisnni egg Ol 44 
ScliistOioniusis, 1 87 
Siliizi'llhii lus. 8v 
Slil .itilic n inic, 44, 45 
Scolcv 1(0, 48 

Su'li’peinlr.i .St 

Sn'Ktid.ic 30' 

Scoipion, 29 1 294 73 
Screw \vi>rm llj;t 
Suiiutra S.; 

Scvpliisiomi 2') 
ol tin, In III 

Scvplio/.'i 111) I 3 2) 28 26 
lossil, 188 I 
st,U{' s in Ilk-Ill itoiv ol 26 
Sea anciiioiiL II’. 15 2" 29 1/7 
Sc 1 ciiLumbci, 117 I 'I 
fossil, !(d 

Sea fan 117 IIS t8 t 

Sea goo.chcrrv 1I9 I2tt 121 68 39 

Sc,i hh , 3 38 3 37 , o , msn ( 1 i.roul 

Sc,iiiioi,,ici 226 227 

Sc 1 Illumes 117,118 ui uoo (iLiigoni in 

Se I SI I peiil 1 1 3 22(i 2 '7 

Se,i seiuiil 313 

Sc, I iir«liii, 3 38 7 //’ 4/s //V 
kn-il 3(d /2i 
Sc,i V ilnul 119 19 
Sea whip ir IIS 16 
Sc^oiiil ir\ r nil il Miinietiv 1 3'l 338 
Sci-tii'll (piogloLtitl) ol lip.WLiim 162 
Scdcnt.irv tiabil 
c>l <imphio\us 34' 
t)| si im 210 
Lil L.irllnviirin, 281 
oflhikcs 184 1 88 
ol hvdr.i, 94, ‘1(1 
ol roiikr 189 

ol sc.i anemone 114 2.S "'9 
ol tube-dwelling polLshelcs 284 63 
64 6S 6,8 

Segmentation, 229 268, 269 271 
in evolution 36.S 360, 170 371 
of nervous svstem ol grasshopper 
309, 310 

the‘or> ol origin 23.S, 239 
Sense eirgans, see also Antenna Eve. etc 
eif .uiiphioxus 342 34 3 
of arthropods 272 273 
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Sense organs (ronf ) 
of Aurelia, 112 
of clam, 217, 21K 
ofGumonrmus 1 O’!. 106 
of gr.i '.shopper, 104 
of insect, 272 271, 114, 315, 316 
of lobster, 2sS 
of nereis, 21 1, 2 15, 210 
of pLmana, 1 34 -6 
ot rotifer, 180 190 
of round'Aorm, 178 
of starfish, 110 
reduction ol 
in chiton, 202 
in earthwoim, 241 
tn parasites, 162 
Sensory bristles, 272 273 288 
Sensory cells 

in bods svillolaithiopod 271 
111 compound i\e ol .tithro|iod 269 
270 271 

of earthworm 241 
of hydra 94 
ol plan.iria, 114 

Sensory lobes ot pl.inaria 1 14 1 15, 1 16 
40 

Sensory receptor, 16 

Sensory tentacle ot gastropod 206 

Sepu! 61 

Serial homologv, 267 
Serpent star (brittle star) 317 1I6 IP 
lossil,361,/25 

Sessile animals, svmmetrv of, 138 
Sessile habit 68 
of barnacle, 291, 71 
of brachiopod, 196, 52 
of brvo/oan, 191 51 
of coral, 115, 116, iO, 31 
ofcrmoid, 115, 122 124 125 
of gorgonian, 1 18, 16, i7 
of hydroid, 21 
of marine invertebrates, 113 
of obeliu, 97 
of rotifer, 189, 4i) 
of sponge, 1 1, 72 
of tunicate, 343 
of yorticeilu, 69, 8 
Seta of earthworm, 243 
Seventeen-year locust, 101 
Sex organs, see Reproduction 
Sexual differealiatioD of Volvox 51. 52 


Sexual forms of malarial parasite 63 
64, 65 

Sexual reproduction, 51, 52, \ee also 
Reproduction 
Shape of insects (85 
Shape' of animals, 1 18-9 
Sheath 

ol microiilarias, 1 83 
of ncmcrlean probosets !7I 
Shell 

of ubalonc, 56 

of brachiopod I96 |97 52 

ol chiton 2I)2 5 i 

of clam 2()9 IS so 60 

of loriminitcr 60 ol 5 

ot g,istro[H)d 2t)6 207 54 55, 56, 5 

ot limpet 5ti 

ol nautilus, 2|9, ol 

ol ptciopod 5"’ 

ol scalljp 58 

of slug, .5 5 

ol snad 55 

o( si|uid 219 

of whelk 54 

Shell gl.ind ol tapeworm 161, 164 
Shelled cephalopod tos.il 126 
Shipwoim iliiul(i) 59 
Short-spmed 'ca ur..lun //9 
Shrimp M "2 

ixperimenl on hal mciiig organ ol 288 
Sieve plate, 120 127 1 Ui 
Silica in skeleton of radiolaiiaii 61 62 
152 

Silicious spicules, 75, 77 
fossil 121 
Silk, 78 

of silkworm, 112 
ol spider 294 
Silurian period, 151 
sea-bottom restoration, 125, 127 
Silver (ish, 9/ 

Simple eyes, 269 
function of, 315 
variations among insects, 315 
Sinus, blood, 215, 217 287 
Siphon 

of clam, 21 1 
of squid . see Funnel 
Siphonophorc, 108, 23 
Sipunculid, 67 
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Sn-hooked embryo of tapeworm 164, 
166, 167 
Size 

of arthropods, 274, 275 
limitation of in insects, 307 
Skeleton, see al\o Lndoskelelon, Fxo 
skeleton Notoehord, Shell 
olcor,il, 115 117 
of gorj^onians, 117, 1117 
(if heliozo.in 62 61 
ot r.uliolarmn 61, 62, 0 
()l sponge, 76, 77, 78. W 
ol starhsh, 12l) 

Skin-gill ol st.irfish, 131) 

Slate-pencil sea urchin, f/V 
Sleeping sKkness 54 55, 4 

Slug 205 208 5S 

Smell, organs of on antennas of insects 
316 

Snail 205,208,5 3 
as host of larsal blood fluke, 156 
Snout beetles 
cotton boll weevil. III 
h izclnut weevil, 102 
SocKil colons of arthiopods, 276 277 
Socii! insects and instinct, 277, 322, 323 
Social lite 
ad\ intagc of, 277 
of ant, 10^ 
ol honcvbcc, W 
of terniitc, 211, 322, 94. 95 

of wasp ion 

Solt-bodied animals 201 sec Mollusc 
Soft coial, 33 

Soil clkct of c.irlhworms on, 242 
Sohtarv coral 
Sow hug, 11. 75' 

Spcci ili/ation , sec u/so Dillercntiation 
Divisu'n of labour. Polymorphism 
amtmg appendages, 284 
definition of, 2f 
fevefs of, 278 

of anterior and posterior ends, 138 
of digestive tract of nemerteans, 171 
of paramecium, 33 
of protozoa, 31. 57 
of reproductive system of earthworm 
246, 250, 251 
of segments, 240 
of sponge cells, 74 
of Trichonympha, 57, 58 


ol upper and lower surfaces, 138, 139 
of I nhox cells, 51 
within a cell, 31 


Specie- 

i, definition of, 43 
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ducts. 131, 132, 

155, 163, 

179, 


250 251,285,289 



Sperm 

reccpt.iclc^, 250 

251 252, 

305, 


311 



Sperm- 





of hvdra bcMiig discharged, 10 
ol mal in.il p.irjsiic 63 65 
ol stirhsh, 331 
Spherical svnimclrv, 1 37 
Sphvin-motli caterpillar, IK) 

Spicules of sponge, 74, 75, 76, 77, 78, 81. 
12 

lossil 354 

Spidci 293 294-5, 75, :9,2?0,<S/ 

Spine ^ 

ol sea 111 dun, 335. 336, 115. 119 
of siarlish 326 327, 328 130, 336 
Sp,nnercts of spider 23)4 
Spmv -headed worms. 186-7 
Spun lobstci "4 

Spmv -si limed animals 325-37 , see also 
Lchmodcrms 
Spindc, 306, 308.66 
Spiral lliickcmngs ol air tubes, 306, 307, 
00 

Spirallv coiled shell, 206, 207 
Spinier. 124 
Spiroclicles, 48 
Sponge 72 82, 9 14 
body pi, in. 81, 82 
calcareous, 75 77, 10, 12 
cell tvpcs 74 75, 76, 77, 78 
colonial 73 79, 0 
Lulturc, 14 
cvolulion of, 367 
lossil, 354 123 
frtsh w.ilei II 
gcmmulc, 80 81. 12 
glass, 77. lO 
horn\.77, 78 10 
hornv fibres 76, 12 
regeneration, 80. 81 
rcproduclion, 79, 80 
silicious. 15, 11, 10 
spicules, 75, 76, 12 
uses of, 72, 14 
Spoiige-lishing, 13 
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Spongllta, 11 

Spongin of horny sponges. 78, 12 
Sponging tongac of hoijscflv, 317. H8 
Spore of malarial parasue, 63. 64 7 
Spore-former 64 
Sporocysi, 156 
Sporozoa, 64-6, 7 
Sporozoite, 63, 65 
SqukJ, 219, 61 
giant, 226, 227 
Slag beetle, 

Stalk 

of braLliiopotl, 196, 197, J2 
of fingii/,;. 198 
of Tdkophi va. 70 
of loniullu 69 
Slalked bainaele, 71 
Starfish. 326 3*; ]!J m 12] 
coelom 330 

dcsLlopmcnl 331-5. 3/3 
digestive sysicm, 328. 329 
excretion, 330 
feeding, 328, 329, 114 
fossil, 361, /25 
mop, 114 

nervous svstem, 3 30 
pediLcllarias, 3 30 33 1 
regeneration, IN 
reproduction 331 
rcspiiation, 3 30 
sense organs, 3 30. 33 1 
sex organs, 329, 331 
skeleton, 326 
spines, 326. 328, 330 
watei vascular system 326 327 
latoblasi, 195 
'tenopu',, 72 
'lentor, 67, 68. 8 
tinging capsule 
of Aurelui. Ill, 112 
of coral. SO 
ofCyanea, 112 
of ifimumcnnn. 106, 107 
of hydra. 85, 86, 87, 88 89 
of llvdraiUtna. 108 
of obelia, 99 100 
of Phnuha 108. 109 
linging coral. S7 
link bug, 99 
:omach 

of Bryozoan, 194 


of chiton, 203 
of clam, 214, 215, 216 
of grasshopper, 30' 
of lobster. 285, 286 
o( rotifer. 189 
ol spider 295 
of starfish. 328, 329 
Slone canal 326 

Sloiir corals, 115, 30, SI, S2, JJ 36 i 
Strain. 44 

Sin lied muscles ol arthropods 28' 
Sivici ('t ncmcrlean 171 
Shlanu luj, 68, 69 
SubiiidiMcliiaK ol obcha, 97 
Subnciii.il hhuid vessel of caithwomi 
2 16, 247 

Siibph.irviigcal g mglion 
ol (.irthworm, 244 

ol nereis (first ventral ganglion) ’'1 
2 36 

Subspecies 4a 
Sucker 

marks of squid on skin ol whale 'u 
ol arm ol squid, 221 22 I 
of fluke I '4 1'5 156. 157 
of leech 2'6 

of l.ipewoini, 162, 167 4‘> 

I'f lube ioi.l ol starlish 326, 327 
SiK king mouth parts 3l(), 3|7 3IH ss 
Siielciria ■’tt 

Sun aiiunaleule 62, we lielio/oin 
Suppussioii of sense organs caused 1- 
poisons, 147 148 

Supr.iph.irv iigeal g.inglion ice 

Blalii 

ot earlliworin 24 3 244 
o( nereis 234, 236 
Swamp cl j\ fish "< 

Swimmercl of lobster, 284 
Swimming bells of siphonophorcs HI8 
Swimming leg of watcr-scavcngcr beeli 
66 

Si (0/1 h) 

Symbiosis, mc Mutualism 
Ss mmctrv 
bilateral, 139 
radial 138 

secondary radial 139, 335 
spherical, 137 
Syncitium, 176. 191 
Systemic heart of squid, 223 
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Taenia Serrata, 4S 
Taeniu solium, 164, 167 
Tail 

of amphioxus, 339 
of tunicate larva, 344, 345 
Tapeworm, 162-69, 4^, 46 
Tarantula, 7S, I0<> 

Taste ut insects, 316 
Teeth 

of chiton, 202 
of Iccch, 257 

of phar>nx in rotifer 190 
of seu urchin 336, 337 
of squid, 224 
Tcisoii of lobster 284 
1 cntaclcs 

eighl-branchcd of antho/oaii, 117 
of amphioxus, 339 341 
of hrachiopod, 197, 198 
of hr>(i;oan, 193, 194 
of comhjell>, 120, 121, 122 123 
of Goniiinrmui, 105, 106 107 
ofhsdra 86 

ot obeha, 97, 98, 99, 100 101 
ol organ-pipe coral 117 
of Fhoronidca, 199 
ol precious coral, 
o( sea cucumber 121 
of sea laii, 36 
of Suctoria. 70 
Terebratula, 124 
It redo, borings of 59 
Tcrmitarium, 95 
Tcrmiic, 277, 94 95 
as food, 112 
fossil, I2S 

host of I nchonvmpha, 57, 58 
nest of, 95 
i|uecn, 277, 94 
reproductive 2'’7, 94 
soldier, 277, 322, 94 
species dillereiices of, 44 
tunnels of, 95 
wing fossil, 125 
worker, 277, 322, 94 
lerliarv period, 353 
Test of sea urchin, 118. 125 
T estis 

of amphioxus, 340 
of clam 218 


of earthworm, 250, 251 
of fluke, 155 
of C onion fmui, 107 
of grasshopper, 311 
of hvdra, 19 
of planana, 131, 132 
of roundworm, 179 
of starfish 331 
of tapeworm 162, 163 
ot tunicate, 342 
Tctracoral, 355 J2i 
1 horax 

of arthropod, 270-1 
ol grasshopper, 304-5 
of lobster, 282, 284 
Thorn tree hopper, ]IK> 

1 liread capsules 85-9,28 
T liicc lasers ol cells, 124 
1 hvsanura, 9/ 
metamorphosis of, 321 
libuimi, u'pieiicleiim, 10 1 
Tick, 293 82 
Tidt pool m 
T iger innlh, lOS 
Tissue 84 
Tissue culture, 19 
Tissue level ot organization. 85 
111 evolution, 367 
Tissue spaces, uY Blood spaces 
Ivkopbrva 70 
Tooth shell, 208 9 
Touch UY u/ui Sense organs 
behaviour of centipedes to, 298 
halls of insei.ts 316 
learning experiments with cockroaches, 
315, 316, 322, 323 
Traclic.il gills, 314 

Tracheal tubes of grasshopper, 306, 307 
309 

Tracheolcs 307 
Trucks fossil, 349, 356, 126 
Transverse vessels of earthworm, 246 
247 

Trap-door spider, 78 
Tree animal, 362, 366 
1 rec hopper, hX) 

Trematoda, 155-62, 44. w o/to Fluke 
Trepang, 72/ 

Triassic period, 353 
Trichina cyst in muscle, 47 
Trichina worm, 181. 182, 183 
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Trlihinella spiralis, 181 
Tnchionosis, 182 
Tnchocysts 31 32,67,2 
Trichomonad, 56, 57 
Tn-ckorttonas, 56. 57 
buccalis, 56, 57 
homm\, 57 
yagimilh, 57 
Trkhonvmpha, ^7, 58 
TnUad, 152, 154, 4^ 

Tridaina, .5^ 

Trigger of thread (.jpsulc hO 
Trilobites, 280 3^ 358-0, /25. 127 
Trochopliure larva 
in evolution, 360 
of chiton, 203 204 
of clam 219 

of gastropod 206. 207 208 
of nereis 237 238, 239 
Trochosphuerit, 4V 
Trunk of Phtlodma. 188,189 
Trypanowma vnmiui’inv in blood smear 
4 

Trypanosome 54. 55 56, 154 4 
Tsetse fly, 54, 55, 5o. 320 
Tube-dwollmg polvthete 254, 255. 63 
64 

fossil, 356 

lube-dwelling rotiler, 4v 
Tube feet 

of crinoids, 122 
of sea cucumber, J2I 
of sea urchin 336. Ih 
of starfish, 326, 327, 115 
Tube worm . see 1 ube-d\sellmg polycht u 
Tunicate, 342, 343, 344 345 
Turbcllaria, 151-4 41 
Iwo-lavered ancestral animal, 362, 367 
Two layers of cells, 85 
Typhlosole of intestine ol earthworm 
246 

Typical insect. 302 

Umbo of clam shell, 209 
Undulating membrane, 55, 56 
Unlearned behaviour of arthiopods, 277 
278 

Upper hp of grasshopper 303 
Urea, 28 
Urechls, 66 


Uric acid, 306 

Urine, 18 

Uropod of lobster, 284 
Uterus 
of flake, 155 
of roundworm, 177, 179 
o( tapeworm, 163, 164, 45 


Vagina 

of grasshopper. 305, 3| 1 
of roundworm, 177, 179 
ol tapcrturm. 163 
Valve 

of bloi'd vessels of earthworm, 246 
of brachiopod, 52 
of clam, 209 
ofhoncvbcc 313 

Varictv (subdivision of species). 44 
Veins 217 305 306 319 5’ 
iileilii, 109. 110 
Vchger lar.a, 206 207 219 
Vcntial nerse coid su alui Nervous 
sv stem 

ot .irthropod 271 
ol grasshopper, 309 
ol lohslei 28h 289 
ol nereis 2 34, 236 
ol pcnpdlus, 260 
S'ciitial sLirl ice 124 138 
Vcnirivlc v)l clam, 2 1 6 
\ciUiodoi >,il gradient, I4'l 
Vei'i's llo.vcr bivkei I'> 

V irk bra 13 
Vertebral column 338 
Viiichr.ite .ind arthropod skeletal 

svs'em coini'aiisoii ol, 265 
Vcrlchr.itcs percentage of, in animal 
kingdom 13 
Viius, lilteiabh, 12 
Visceral mass 202 205 206, 211, 222 
\ olveni capsules 88 
Ui/ioc, 50, 51, 52. 3 
loritiella, 69, 5 


Walking Legs 
of arachnid, 293 
of inscv-ts, 317 
of lobster, 282 
Walking-stick insect. VI 
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W^sp, 109 , 10 ^ 

Waste products, removal ol, 16, 17, IS 

Water 

elimination of excess, 27, 28 
as a waste product in respiration, IS 
Water heetles, leys of, ?I7 
W alcr-seavtnfcer heetk 8f) 

W.iler luhe. ol elani yill 211 , 212 
\\,Uer-\a.i iil.ir sv -.tem 
dtselopiiH III o', 1 14 
ol sea uii inn. 1 '6 
ol staih' li, 126 , 127 , 116 
\\eh ol spider 214 , 7 iS' 

\Sei\ils /('2 /// 

wiKik u 
\\ hiilieig heille lOi 
W me, I v)<^i ^ id beetle S” 

\\ iii.'les- inscet 111 114 

Wiiip 

ibsrnei ol, 1|‘> 6^ 
i SI' iiision I'l, UW 
of hectics, 316 120, 87 


of diagonflics, 320 
of flies, 319 

of grasshopper. 304, 105, 306 
of H>menoptcra, 87, 107, 100 
of insects, 271, 318. 319, 320, 86 
V5 ood-boring bivalve, 59 
Wood-boring isopoJ 70 
Wood liLC (isopods) 262, 263 70 
Woiin, i<< Annelids, I latveorm, Neiner- 
teiin Roundworm, cle 
H liLhctui haiunitii 181 


Yolk Cell of plunaiia 131 
V oik gland. Ml 161 


Z\gok, 52 

of hydra 92 
ol sea urehin IIS 
ol starhsh, 312 




BEYOND THE MICROSCOPE 

Kenneth M. Smith 


All<) 

Almost everyone nowadays has heard of virus diseases, and the im- 
poi tant part played bj viruses in the life ol the community is becom- 
ing imrcasingly obvious The toll of human lives taken by polio- 
myelitis and influenza, the losses caused by such diseases as fowl 
pest and foot-and-mouth disease and the ravages ol plant virus 
diseases, of which cocoa swollen-shoot is a topical example, are only 
too familiar 

Hut few people have any clear idea of what is meant by the term 
‘viruses' or how diseases caused by them dilfer from those caused 
by visible germs An attempt has been made therefore to portray 
these important agents and to dcsciibe some of their more interest- 
ing characteristics In this book the loader can learn, among other 
things, of thecunous lelationship which exists between some viruses 
and insects, of the part played by viruses in the (ormation of tum- 
ours, how some viruses can be ciystalli/ed and how modern 
mcllKHis of lescaic'h have revealed the size and shape of several of 
the 'invisible viruses’ 

The book has been recently revised to bring it completely up to 
date and now includes sixteen pages of plates to illustrate the text 




THE ANT WORLD 

Derek Wragge Motley 

A240 

Most people consider the ant a fascinating creature, but few people 
know much about him He is probably the most famous yet least 
known of all insects The ant world is a large one, including more 
than fifteen thousand species Among these are Harvesting, Slave- 
making, Army, Mushroom-gi owing, and Spinning Ants, there are 
ants which live in communities of a dozen or so individuals and ants 
whose vast social communities must be numbered m millions, there 
are ants a millimetre long and ants three and a half inches long ; ants 
which learn and ants which don’t 
This book sets out to describe their history, the way in which their 
societies are organized, and w'hat makes them tick It describes their 
craftsmanship in building their homes and the day-by-day life 
within their many kind of nests The relationship of the ants with 
their numerous insect guests and with different colonies and species 
of their own kind is described, as well as the icsults of modern 
scientific' experimentation on their behaviour Ants are not only 
interesting subiecis for study and observation (particulars of how to 
collect and study them arc given), but are also of great economic 
importance to man 




A DICTIONARY OF BIOLOGY 
A/ Abeuioinhte, C J Hukntan, and M L Johnson 
R\ 

In this dn-tionarv the aiilhois aim is lo cxiil.iin hK'k'UKal leims 
which a Lnman ma\ mui when K\ulim> seieiiuhe liieiamie and to 
deiiiK tin terms whicli a student (d bioloev ha^ to mastei at the be- 
wmiuni; ol Ins caicei the thousand oi so wotd^ wlikh so gnmiv 
LMiaid the appioailiL' to ttii. si^khsi. I Ik enti les au not lesii muI to 
.1 ban. dclinitioii wIikIi howevei vain ihk in kve|nnu oik to tlu nar- 
low path ol eiistmnaiv inaee ean hi. mosi unhel|dnl in the task of 
undusi.nulinu the woid in its i,onii. ^l Soniv iiiloimaiion abotit 
mosi ol the t hull’s nanud is pi\i.n so as to Lonvev souk thine ol then 
sienilKaiKL in biolopical discussion to add a l.nni tkooui cd a 
pov ki I eiKNclopcdia 

I Ik most impoitaid ihine the aiithms haw not tned to di' is to 
I IV iliiwn the law I hev h iw ti lul to inki piet a loieiun laneuaec as 
11 IS astnalK used It would be valiK kss aiul pusumpiiioiis lo dUine 
till, wolds iwoidine to how iIkv think iIkv oiiehi U> be used It 
would be wione also to leb on etvmoloev as a '.’iiiek to eiuieel 
iisaec I he mvanine ol a (oeek loot inav lx unee|Ui\oeal hut bio- 
loeisis aie not lalkine (.leik thev aie iisine a iivine laneuaec and 
i1k pioo' ol the me, mine is in th< M^’vakme I he .luihois .kIiiih lhat 
the kiminoloev soiiKtinies a link messv le e I ipoidl and th it 
iheie IS often a diseoiieei tinp vlispai it\ between botanv and /ookpey 
(e e f. cl!) but thev have leeoiikd wlial seein to them lo be llie 
use m uses ol the teim at the [neseiil elav 


.Lisiomaiv 



